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I • SUMM!FtY 
The dyeing equipment to be used in determining the acetylation 
characteristics of various cotto~s has been modified, and several trial 
acetyla.tions ha.ve been made in order to determine how well the temperature 
Qf acetylation can be controlled and, aJ.so, how evenly the cotton is 
acetyla.ted. The results of' these trial runs are not complete. 
Twelve lots of cotton varying wj_deJ.y in their properties have been 
received from the Southern Regional Labc1ratory, New Orleans, Louisiana. 
As soon as an acetylation teclmique has been established, the acetylation 
characteristics of these cottons. wilJ. be determined. 
II. STATEMlmT OP1 PROBLEM 
The purpose of this research. progra.m i-s to determine the relationships 
between cottons of different properties and their responses to acetylation. 
III. SCOPE OF P'ROBLEM 
It has been found that c:otton fiber can be chemically modified so as 
to improve its resistance to microbiological rotting, mildewing and heat 
degradation. Partially acetylated cotton is an example of such. a modifi-
eation. However, various eottons. differ in their response to acetylation, 
i.e., they have d.if"ferent rates of acetylation. At present, there are 
no known tests, other than acetylation i tsel.f', for determining difference'S 
in the extent of aeetylation for various. cottons. Qua.li tatively, it has 
been found that the degree o:r ma.turi ty ,of" cotton fibers has an effect Qll 
the acetylation cbar'acteristieB _; however, this is undoubtedly not the 
entire answer.. Other chara.ete.ristics of' cotton in its natural state, as 
vell as in its preparation for acetylation, II'BY influence the reaction 
-l-
Progress Report No. 1, Project No. 208-156 
rate. Some of these properties are listed here: 
l.. cotton variety 
2. area of growth 
3 . 'fiber :maturity 
4 • fiber finenes.:s 
5· fiber strength 
6. per cent crystall:ine cellulose 
7. x-ray angle (crystallite or-ientation) 
8. alcohol-soluble content 
9. wax content 
10. acetic acid-soluble conten.t 
ll. ash coatent 
12. wter-soluble ash constituent& 
13.. water-soluble reducing cQIJ.stitl.&nts 
14. moisture regain 
The problem is to determine whethe:r· or not SXJ.Y' of these properties 
can be related qua.n.titati vely to the ac:e~tylation characte-ristics. If' 
not, what other properties influence th:E~ reaction rates? 
IV o• PREPAUD EXPERm:NTAL Mm.'HOnB 
A. Source of Cottons 
Cottons representing a very Wide dtversi ty ot properties will be 
:furnished by the Southern Regional Resefl.t'ch Laboratory, llew Orleans, 
Louisiana. 
B. Treatment of Cotton: SB.Ittples. Prior~, Acetllation 
1. Since these SB.lJWles may be ehm~n from various stages of n:Edhan-
ical proeessing; i.-e .. , bale samples, opener samples, :pic:~:r.- lap samples 
-2-
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a.nd alt vel:' samples, it is important that the amounts · of extraneous 
matter nor~ removed du:r"ing proeessing be known. This will be 
a.cco.mplished by processing. samples from each lot of cotton through 
a Shirley Analyz.er • Since the- results obtained in this ]?rogr:am 
Yill be ul tilnately applied to' t_he .tre~tment of' yarns and fabrics in 
which most of' the extraneous :materials have been removed, it is felt 
that the Shirle~ Analyzer s-hould be empl.oyed prior to a determination 
of the aeetylatiQl':l cha.raeteristics.· . . 
2. In all of' the initial studies to find differences in the rates 
of acetylation for various cottons, the ~les ·will be similarly con-
ditioned, e.g .. , 65 per cen-t. relative hUlllidity a.nd 70° F. 
C. Acetylation Procedure 
l.. Eg.uipnent 
All of the e.cetylation.s will be carried out in a one-pound 
_Morton :PB.C~ dyeing macltine Whieh has been modif'ied so that it is 
possible to use cotton ra.w stock instead. of yarn packages. The steam 
- jacket which surrounds the dyeing chamber has been modified so that ice 
water ca.n be· circulated around the chamber to maintain the low tenq>era-
tures nece·ssa17 in partial aeetylatio:n. This maehine is constructed so 
that both open and closed circulation of the reaction mixture is possible. 
It is estinated that sevei"al cotton sample-s totaling approximately 8 ozo 
in weight can be treated simultan.eousJ.Y .. 
2. Presoaking, Ac-etylation and Analysis of Acetyl Content 
In the initial pha..ae of this work) the conditions employed in 
the presoaking and acetylation:, a.s well as the methQds of a.na.l.ysis :for 
-3-· 
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the degree of acetylatians, will be tllo~:~e employed at the Southern 
Regional Research Laboratory.* 
V. PRESEIT STATUS AND FUTURE PROGRAM 
The <iye·ing :maehine to be used in these acet~lation studies bas been 
DXld.ified. and some trial runs have been made in order to determine how 
well the temperature can be controlled <i.uring the reaction and how evenly 
Will be the degree o€ acetylation. •. T!l.e. .in:rt.t1al .... results;:jare eneouragi:ng .. 
Twelve lots of eottons, togethez• W:L th data on some of their physical 
characteri$ties, have been received f'rom the Southern Regional Research 
Laboratory. As soon as it can be estab:Lished that the acetylation pro-
cedure gives. controlled, uniform resultf~, the acetylation studies of 
these tvrelve samples will be started .• 
These are the personnel currently E~IJi'loyed on this project .. 
Dr1 J. L. Taylo~ Faculty Research Associate 
Dr. w. C. Carter FacuJ.ty Research Associate 
Ben G. Rolloway Grad:u.atE~ Student in Textile Engineering 
Douglas Wheeler Senior in ·Textiles 
Demetrios Dellis Graduate Student in Chemistry 
Approved: Respeeti"u.J..ly jj~tibmi tted: : 
Gerald A. Rosselot, Director 
State Engineering Experinent Station 
• Taylor, 
Project Director 
* - - - -
Cooper, A. fL., Y,oorhies, 8. T., Jr., Buras, E. M., Jr., a.n.d Goldthwa.rt, 
c. F., "Partial Acetylation of Cotton•" "ext-i'le "Indu:S"ttie:S 116, No ... l, 
97-102, l94-195 (195.2) .. 
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I. SUMMARY 
Techniques for acetylating several samples of cotton simultaneously 
in a single-package Morton dyeing machine have been worked out so as to 
maintain close temperature control during acetylationo 
The results of seven acetylations, u~:ing 12 different cotton samples 
in each acetylation run, indicate that ten~erature control is a very 
important factor in determining the amount of acetylation for a given 
period of timeo An analysis of the results also indicates that consider-
able acetylation takes place during the first few minutes of the reaction 
of the acetylation mixture with cottono ~bus~ further study should be 
made of the acetylation of cottons at short periods of acetylation time 
and at constant temperature, as well as of' the effect of temperature on 
the rate of acetylation at constant time intervals o 
II. EXPERIMENTAL WORK 
Ao Materials 
TWelve lots of cotton have been received from the Southern Regional 
Research Laboratoryo The names and characteristics of these cottons are 
shown in Table Io It is noted that they represent cottons whose charac-
teristics, with respect to fiber maturity and fineness 2 are considerably 
differento 
Bo Sampling 
The methods employed in preparing test samples for partial acetyla~ 
tion from bulk laboratory samples were those given in the ''Tentative 
General Methods of Testing Cotton Fibers," AoSoToMo Designationg D 414-49To 
=1= 
TABlE I 
COTTONS RECEIVED FROM THE SOUTHERN REGIONAL RESEARCH LABORATORY 
Cotton 
1~ Indian (J & J) 




5. Stoneville 2B 
Bale 616654 
6. Bob Shaw 
7. Stoneville 2B 
Bale 249290 
8~ Acala 1517 
9~ SIP 
Bale 3109 
10. Lockett 140 
11. Pima 32 






























































co' I , 
C.. Details of Acetylation Procedure and Analytical Procedure 
1.. Preparation of Sample 
Before starting each acetylation, all the laboratory test samples 
of 15 go each were conditioned at approxima.tely 65 per cent relative humid-
ity and 70° F o They were then placed in c1:>tton bags made from open mesh 
cotton fabrico 
2 o Presoaking 
The conditioned samples were soaked overnight in a closed vessel 
in glacial acetic acid at room temperature .. 
3 o Preparation of Acetylating Mixtur~~ 
The acetylating mixture consisted of glacial acetic acid and 
acetic anhydride in a volume ratio of thret3 to one with 0 .. 1.5 per cent of 
60 per cent by volume perchloric acid, bas19d on the total volume of acetic 
acid and acetic anhydride. For the oneampound Morton package dyeing machine 
which was employed in all acetylations, a total volume of approximately 
9o62 liters of acetylating mixture was requiredo This consisted of~ 
7o2 liters of glacial acetic acid, 
2o4 liters of acetic anhydride and 
14o2 ml .. of 60 per cent perchlori~~ acido 
Two solutions were prepared, one containing 6o2 liters of acetic acid and 
2 o4 liters of acetic anhydride !I and the other containing the remaining 
liter of acetic acid and the perchloric ac:Ld catalysto Both solutions were 
precooled to approximately 3.5° F o before addition to the machine .. 
4.. Acetylation 
After several trial runs the following ac~tylat:lon procedure was 
employed. The. machine was ·precooled to approximately 65 9 Fo while circulat-
ing spent acetylating mixture through the 1nachineo Cooling was accomplished 
-3-
by circulating ice water in the jacket surrounding the reaction chambero 
When the machine and the prepared acetylat.ing mixture had been suffi-
ciently cooled~ the machine was drained, and the presoaked samples were 
rapidly extracted and then placed in the reaction chambero The machine 
was closed and the cooled acetic acid-acetic anhydride mixture was addedo 
The solution of catalyst and acetic acid was added :in increments of 100 
rnlo at one=minute intervals until all was added, thus requiring a total 
of 10 minutes o The acetylating mixture was next circulated for one to 
two minutes in order to make certain that there were no air pockets~ after 
which a change from open to closed circulation was madeo The time at 
which the machine was closed was considered as time zero in all experi-
mental runs o The acetylating mixture was kept cool by the circulation of 
ice water in the jacket surrounding the samples o After the completion of 
an acetylation~ the mixture was drained and the samples were thoroughly 
washed with copious amounts of cold watero The residual amount of acetic 
acid was neutralized with dilute NH
4
oH, followed by a thorough final washo 
5o Analysis of Acetylated Samples 
ao Dyeingo In order to determine the evenness of acetylation 9 
portions of the dried acetylated samples were dyed with a mixture of a 
blue direct color and a yellow acetate coloro The dyes employed were 
Chlorantine Fast Blue 3RLL and Celliton Fast Yellow RRAo The dyeing pro-
cedure was the same as that employed at the Southern Regional Research 
* Laboratoryo 
*cooper 9 Ao So 9 Voorhies 9 So To 9 Jroj Bura.s j Eo Mo., Jro .)l and Goldthwait ;> 
Co Fo, "Partial Acetylation of Cottonon r extile Industries 116, Noo 19 
97-102, 194=195 (1952)o 
.tTogress .tt.epor-c ~o. ~, Prozl ect. No. ~O~=l5b 
bo Determination of Acetyl Coni~ Accurately weighed oven-
dry samples of approximately 1., 5 go were taken for analysis o Each sample 
was cut to extremely short fibers in a Wiley Mill.* To ·each was added 50 
mlo of methanol, and each was heated for 15 minutes at 120°· F. jl after 
which 50 mlo of 0 • .5 N NaOH was added., ThE! mixture was heated at 140° F. 
for 30 minutes and was then alTowed to sta~nd with occasional agitation 
for 48 hours before analysis o An al ternat.e method was to heat the samples 
for one hour · at 140° F .. Before titrating. · The mixture was titrated with 
0.5 N HCl to the phenolphthalein end point.. A blank consisting of a 
weighed sample of cotton, 50 mlo of alcohol and 50 ml., of 0.5 N NaOH was 
also titrated with the 0.5 N HCl.. 'Ihe per cent acetyl content was calcu-
lated as follows~ 
(VR - V5) (NA) (0.04302) % acetyl content = W x 100 
where VB= volume HCl (mlo) required by blank, 
v
8 
=volume HCL (ml.) required by· sample~ 
NA = normality of HCl, 
0. 04302 = milliequivalent weight of the acetyl group and 
W = dry weight of sample. 
IIIo RESULTS AND DISCUSSION OF RESULTS 
The experimental procedure given above was employed in all acetyla-
tions made to date o A description of each run is given in Table II. It 
is noted that the initial and final temperatures are recorded, the initial 
temperature being the temperature of the a~~etyla ting mixture when all of 
*The fibers in Run 3 were not cut up befor~e titration. 
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the catalyst solution had been added and the machine had been changed from 
open to closed circulation., In all o.f these runs except Run 3~ samples of 
the 12 cottons listed in Table I were acetylated., In Run 3 some card 
sliver taken .from the yam-processing department of the Textile School, 
Georgia Institute o.f Technology, was used., The procedure .for acetylation 
was identical with that used on SoRoRoLo cotton. The purpose o.f this run, 
as well as o.f several other previous runs not recorded in this report, was 
to establish operating conditions and to determine the uniformity of 
acetylationo 
TABLE II 
TIMES AND TEMPERATURES USED IN ACETYLA. TING 
Run Time o.f Initial Final 
Number Acetylation Teml;ra ture Temtera ture 
(Min.) li' 0 ) °F 0) 
3 80 68 67 
4 80 72 71 
5 50 68 73 
6 50 69 69 
7 65 6.5 o5 68 
8 65 6"" ) 67 
9 10 61 65 
The addition of one-fifth of the catalyst solution caused the 
temperature o.f the acetylating mixture to :rise 4 o to 6° F o, while the 
addition o.f the remaining catalyst solution never resulted in more than 
an additional 1° Fo rise., 
The acetyl contents of the acetylated samples are shown in Tables III 
and IV o Table III contains the data obtained from Run 3 in which all of 
the samples used were obtained from the same source. The wide variation 
in per cent acetyl content in Table III ca.n be attributed to the fact that 
these samples were not cut up before saponifd.ca tion. Ta:ble ·IV' c,ontains · the 
results for the acetylation of cottons listed in Table Io 
The averages of per cent acetyl conte:nt for different times of acetyla-
tion are shown graphically in Figures 1, 2, 3 and 4. It is noted that the 
degree of acetylation for 65 minutes is less than that at 50 minutes. This 
probably is due to the fact that the temperature of this run was slightly 
low, thus indicating the importance of close temperature control during the 
time of acetylatione Spot checks in a duplicate run (Run 8) confirm the 
results obtained in Run 7o 
The acetylation results obtained at 80 minutes indicate· that the dif-
ference in acetylation characteristics of various cottons diminishes when 
acetylation is carried out at a sufficiently long timeo The acetyl con-
tents at 80 minutes vary from 26o58 to 30o65 per cent~ or a spread of 4o07 
per cent, whereas the spreads in the 50- a.nd 65~minute runs (Runs 5 and 7) 
are 7o7 and 10o4 per cent, respectivelyo 
Run 9 was made to determine the extent of acetylation during the 
period that the catalyst was being added t.o the acetylating batho It is 
obvious from these results that considerable acetylation is accomplished 
during the early stages of acetylationo 
Evaluation of all acetylated samples has been limited to the determi-
nation of the acetyl content of each acetylated cotton and the dye test for 
acetylation uniformityo The results of the dye tests indicate that the 
~7= 
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TABLE III 
VARIATION OF ACETYlATION OF DUPLICATE SAMPLES 
Cotton 
Card sliver from Yarn-
Manufacturing Department, 
Georgia Institute of 
Technology 











































RESULTS OF TEE ACETYLATION OF DIFFERENT 
COTTONS AT VARIOUS ACETYJ~TION PERIODS 
Per Cent Acetyl 
Run 4 5 6 7 8 9 
Time (Minutes) ---so so 5;o- 65 ~ lO 
Temperature (°Fo) 71-82 68-73 7'~-69 65-68 65-67 60-65 
lo Indian 29o33 22o87 2~~ I' 16 19o98 19o65 8~11 
(J & J) 
2o Sea Island 30.65 23o66 2~~" 37 21.,47 211'14 6.51 
3o Memphis 29o86 26.31 23.15 24o96 10.51 
4o Empire 29o05 19o59 19o08 17o90 5.76 
Bale 92 
5o Stoneville 2B 27.81 19o53 1Bo51 16o02 16o20 5.,21 
Bale 616654 
6o Bob Shaw 26o82 16o32 1~;044 l4o85 4o42 
7o Stoneville 2B 28o35 19o85 20o83 19o57 - ./ 8o29 
Bale 249290 
8o Acala 1517 30o02 19o32 2,~ 019 2lo77 8o64 
9" SXP 26o58 15o88 16o40 l4o29 5o 51 
Bale '3190 
lOo Lockett 140 26o90 20o27 1~~0 73 l4o38 .13o38 5o82 
llo Pima 32 29o05 18o46 20o87 20o69 4o96 
12o Hopi Acala 50 28o97 19o71 20o84 19o67 18o37 7o31 
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2 • Sea I s 1 and 
3. Memphis 
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5. Stoneville 2B(Bale616651J) 
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Figure 3. The Change in Acetyl Content with Time of Acetylation. 
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Figure 4. The Change in Acetyl Content with Time of Acetylation. 
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evenness of acetylation varies with the time of reaction. Thus the 80-
minute acetylation gave evenly acetylated samples while the shorter 50-
and 10-minute periods contained yellow and blue spots, indicating uneven 
acetylationo 
IV o FUTURE PROGRAM 
Plans for future work call for further study of the rate and degree 
of acetylation of the original twelve samples of cotton supplied by the 
Southern Regional Research Laboratory, as well as the study of acetylation 
of additional samples which will also be furnished by S.R.R.L. 
It is proposed to use shorter acetylation periods in the range of 5-
to 10-minute increments of timeo This will give a much closer check on 
the acetylation rates. 
In this study it is also planned to maintain close temperature con-
trol, having all acetylation temperatures as nearly the same as possible. 
This is to be accomplished by mixing the acetic acid, acetic anhydride 
and perchloric acid and cooling the mixture to a given temperature before 
adding it to the cotton to be acetylated. 
J 
F 'Gera:ld A o Rosselot, Director 
State Engineering Experiment Station 
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lo SUMNAHY 
Acetylation of 12 different cottons during this period confirms 
previous indications that temperature control is very important if small 
differences in degree and acetylation rates of various cottons are to be 
measuredo 
The modification of the acetylating procedure proposed in Progress 
Report Noo 2 failed to give adequate temperature controlo In order to 
achieve even better temperature control during acetylation, a heat ex-
changer is being added to the Morton package dyeing machine, after which 
additional acetylation studies will be made on the same 12 cottons and 
others supplied by the Southern Regional R.esearch Laboratory (:SoRoRoLo)o 
No attempts have been made to correlate the present acetylation 
data with physical properties of cottons studiedo 
IIo EXPB;RTI1ENTAL WORK 
Ao Materials 
The srunples of cottons used during the working period were the same 
as those listed in Table IS> Progress Report. Noo 2, September 20.9 1952o 
Bo Acetylation Procedures 
Several modifications have been made :Ln the procedure described in 
a previous reporto* One modification was in the method of placing t.he 
cotton s~~les in the acetylation chambero Instead of using cotton mesh 
bags to keep samples separated during acetylaltiionj the samples are now 
separated by means of horizontal wire screens,, This method of keeping 
samples separated insures more uniform circulation of the acetylating 
c:=::J l;.:,:,) ~ = Q:Q 
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mixture through the cottono This can be demonstrated by noting the color 
uniformity of the dyed acetylated sampleso 
As proposed in Report Noo 2, the method of adding the catalyst during 
acetylation has also been modifiedo In this series of runs (10 through 19) 
the catalyst, perchloric acid diluted with one liter of glacial acetic acid, 
was added to the acetylating mixture of acetic anhydride and acetic acid9 
and the mixture was then cooled to approximately 50° Fo.before adding the 
mixture to the cotton to be acetylatedo 
Although the acetylating mixture was cooled prior to its circulation 
through the cottons~ a rise in temperature was noted almost immediately 
when circulation was beguno In all runs attmnpts were made to hold the 
acetylating temperature in the range betwet3n 60 o and 70 o F o In most in-
stances the temperature was controlled more closelyo 
=2.= 
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IIIo DISCUSSION OF' RE~SULTS 
Four lO.,.,minute acetylations were made on all 12 cottons in which 
the acetylating temperature was varied slightly in each acetylationo The 
results shown in Table I indicate that the te1mperature is an important 
factor in determining the amount of acetylation during a given timeo This 
is especially true after a temperature of 64 .• , F o is reachedo 
Tw-o 15=minute runs were made which also indicate that temperature is 
apparently more critical tha:r time during ace~tylationo It should be noted 
that although these acetylations (Runs 14 and 15) were carried out for a 
] anger timej the per cent acetyl in most instances is greater in the 10= 
minute acetylation made at a higher temperatu.reo 
The data shown in Table II are presented graphically in Figures 1, 
2 ~ and 3o In each of these acetylations an attempt was made to hold the 
temperature constant and to vary the time of acetylationo As shown in 
the table, it was not possible to control the temperature to an exact 
range in each ~cetylationo 
The data given thus far emphasize the necessity for close tempera= 
ture control; thereforej steps are being taken to further modify ·the 
Horton package dyeing machine to get a better heat exchange in the sys= 
tern during acetylationo This modification consists of adding a set of 
stainless steel cooling coils in an ice batho The acetylating mixture 
will be pumped through the coils for additional cooling during acety= 
lationo 
IVo FUTURE PROGRAJV! 
As a preliminary study for future work51 a number of acetylations 
using one type of cotton have been made in flasks in the laboratory 
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TABLE I 
RESULTS OF THE ACETYLATION OF DIFFERENT 
COTTONS AT VARIOUS ACETYLATION TEMPERATURES 
-x-
Per Cent Acetzl 
14 15 Run 11 12 13 10 
Time (Minutes) 10 10 Io- 10 15 ~ 
Temperature (°Fo) 60-62 62~63 64.,.,66 70-75 64=70 65=73 
Avera~e Tem;eo ( °F 0) 61.,5 a~ ?5 - 75 67o3 70 
1. Indian (J & J) 3o70 3o89 5 •. 42 12o63 7o68 7()86 
2o Sea Island 3o28 2o95 3.,94 llol5 5o05 6o08 
3o Memphis 5.09 5o48 ?.,134 14ol6 8o47 9o70 
4. Empire Bale 92 3.,74 2o77 3ol31 13ol2 4o34 5o 56 
rJ Stoneville 2B 2o67 2.89 3ol.J.O 7.,94 3o85 4o45 ~. 
Bale 616654 
6o Bob Shaw 2.,18 2.,45 2.h9 So04 3o44 4o55 
7., Stoneville 28 3.38 4o04 4.,h4 8o81 6o08 7 o69 
Bale 249290 
8o Acala 1517 3.,44 Jo87 4o05 8.,85 6o01 8o89 
9o SXP 2.78 3o32 2.,{'2 7 ol6 3o20 4o99 
Bale 3190 
lOo Lockett 140 2o21 2o79 1.97 4()75 J.,08 5o32 
llo Pima 32 2.,85 Jo4l 2.,80 6o93 5o 56 8o06 
12., Hopi Acala 50 2o63 3.,51 2.,51 7.,90 5o06 9o04 
*The per cent acetyl is the average of two determinationso 
=4= 
TABLE II 
RESULTS OF THE ACETYLATION OF DIFFERENT 
COTTONS AT VARIOUS ACETYLATION PERIODS 
Run 
Temperature ( °F :J 
Average Temp ... ( °F o) 
Time (Minutes) 
lo Indian (J & J) 
2.. Sea Island 
3.. Memphis 
h.. Empire Bale 92 
5.. Stoneville 2B 
Bale 616654 
6.. Bob Shaw 
7 .. Stoneville 2B 
Bale 249290 
8o Acala 1517 
9.. SXP 
Bale 3190 
10.. Lockett 11+0 
llo P:Lma 32 














4 .. 34 
34_84 
3 .. 20 
Per Cent Acetzl~ 
1Jo73 




10 .. 84 
8 .. 76 
llo6l 
1" 51 .c.. 0 ' 
llo24 
1L.o09 
19 .. 29 
lOol.S 
14o90 
15 .. 09 
llo02 
10 .. 6.5 
15 .. 91 
16 .. 09 
17o?5 
15oL.8 
20 .. 08 
14o21 
12 .. 60 
llo5S 
16 .. 10 
17o24 
~-~.,.·~~ - --· ~--="""'"'~·-- -~~~=~-==--' -""'-""~ 
*m t , h f d t 1.he per cent ace yl ls t .e average o tw·o .E~ er.minations o 
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in order to show the effects of the acetylat.ing temperat.ure;i) the catalyst )) 
and the presoaking temperature o The results: of these tests are shown in 
Tables III, IV~ and Vo 
TABLE III 
RESULTS OF THE ACETYLATION OF A SINGLE 
COTTON AT VARIOUS ACETYLATION TEMPERATURES 
~etylating Time~-10 Minutes 
Temperature ( -p e) 




RESULTS OF THE ACETYLATION OF A SINGLE 
COTTON WITH VARIOUS AMOUNTS OF CATALYST 
Acetylating Time==lO Minutes 
Acetylating Temperature=-70° Fo 
Drops of Catalyst 
Per Cent Acetyl 
* 3 drops is equal to .~15 per cent~ the standard a'PT.lOunb ue.eg in all 
aeetylations 
'fABLE V 
dESULTS OF THE ACETYLATION OF A 
SINGLE COTTON WITH VARIOUS PRJ~SOAK TIMES 
Acetylating Time=~lO Minutes 
Acetylating Temperature==70° Fo 
Presoak Time (Minutes at 140° Fo) 
Per Cent Acetyl 
75 
' 5.10 
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Figure 3. The Change in Acetyl Content With Time of Acetylation. 
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Additional acetylations will be conducted with the cotton samples on 
hand, as well as with those being prepared by the SoRe~RcLo, as soon as the 
acetylating equipment can be modified to "tak~e care of the additional cooling. 
Plans are also being formulated to study the effect of moisture content 
and scouring treatments on the rate and degrr~e of acetylation of certain 
cottonso 
V o PERSONNEL 
The following are the personnel currE~ntly employed on this project: 
Mro Alton Ro Colcord 
:tvlr., Demetrios Dellis 
Mro Walter Mo Ligon 















·~es Lit Taylor, {} 
Project Director 
Herschel- it"c-u'ad, ·Acting Direct~r 
Engineering Experiment Station 
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I. WORK PROGR».[ 
The work program followed for the past qu~~ter is presented below. 
1. Previous work had shown the nece~;si ty of close control of 
temperature during acetylation. After completion of modi-
fications of the machine, acetylation can now be controlled 
at 64()- F <:t: 0.,_5°.F. 
z. Six varieties of cotton were acetylated at 64 o F for "" 39, ·6o 
and 90 minutes after four differemt scouring treatments, . 
and the resultant per cent acetyl content was compared with 
unsecured sampleso The results a.re presented in Table II 
and shown in Figures 1-ll. Scouring greatly increases the 
rate of acetylation during the first 30 minutes and mini-
mizes the differences in acetylation due to the variety of 
cotton. Variations in scouring rn.ethods had relatively lit-
tle effect on the acetylation rate. 
3. An investig~tion of the effects of moisture content on the 
rate and degree of acetylation of six varieties of cotton 
was · undertaken. Acetylation of cotton having moisture 
content corresponding to 1.5 per cent R. H. and 6.5 per cent 
R. H. have been made. Other acetylations using the same 
cottons having moisture contents corresponding to 3.5, 50 
and 8.5 per cent R. H. will be made in order to complete 
the investigation. 
4. Additional studies on the effect 10f temperature and time of 
presoaking with glacial acetic ac:id have been conducted. To 
date, acetylations have been ~lde on six varieties of cotton 
-·1-
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which have been presoaked at 10, 30, 00, 120 and 240 min-
utes at 70• J!, 100 o F and :130~ F.· Analyses have been. made 
on the 1oo• F series. 
Work described in paragraphs 1 and 2 has been c:ompleted while work de-
scribed in paragraphs 3 and 4 is continuingo 
II o EXPERIMENTAL WORK 
A. Equipment Modification 
The results of previous acetylations indicated that it was very im-
portant that accurate control of temperature be maintained during acety-
1ations if comparable results were to be obtained when studying acetyla-
tion rates. 
Thus, in order to maintain a better cont,rol over the temperatures 
during acetylation of cottons, modifications in the Morton dyeing machine 
were undertakeno These modifications consisted of incorporating a single-
pass stainless steel cooling coil into the circulating system of the Mor-
ton machine. The cooling coil was mounted in a galvanized tank which can 
be filled with ice for cooling during acetylation. 
Approximately one month was required to draw plans, to obtain the 
stainless steel material, to fabricate the coilfJ and to make other nec-
essary changes in the valves and fittings on the~ acetylating machine. 
At present, by careful control of the flow of the acetylating mix• 
ture through the cooling coil or by control of heating valves, a constant 
temperature can be maintained at 64 c F : ± o.'Sa .F •. 
-2-
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B. Acetylation 
After the modifications of the cooling and heating system of the 
acetylating machine, tests were made to ascerte3Lin that positive temper-
ature control had been achieved as well as proper acetylation procedures 
established. These tests showed conclusively that the acetylating tern-- · 
perature can be maintained at a given temperature for any period of time. 
~e to the increased volume of the cooling system, increased amounts 
of acetylating mixture were required to operate the machine.~ The amounts 
of materials now used in each acetylation are: 
12.6 liters of glacial acetic acid, 
4.2 liters of acetic anhydride, and 
2.5 • .5 ml. of &J per cent perchloric acid. 
The capacity of the acetylating chamber is unchanged, and approxi-
mately 240 grams of cotton are acetylated in ea,::h run. 
The preparation of the acetylating mixture is the same, i. e., the 
acetic acid and acetic anhydride mixture is cooled to 50~ F before adding 
the required amount of perchloric acid dilutE~d lATith one liter of glacial 
acetic acid. The mixture of acetic acid, aceti1:: anhydride and catalyst 
is again cooled to .50° F before enteril)__g it in the acetylating mac-hine~ 
All acetylations in this series have been maintained at a constant 
temperature of 64o·F. 
C. Materials 
To conduct the program outlined in Chapter I of this report, six cot-
tons with a wide range of _physical characteristics were selected by nru.tual 
agreement with the S.R.B..L. These cottons and t.heir physical properties 
are presented in Table I. 
-3-
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TABLE I 
COT'IONS SELECTED FOR SCOURING, MOISTURE AND PRESOAKING STUDIES 
NaOH* Micronaire Pressley X-Ray ~gle 
Cottons Maturity Reading Index 40 
(per cent) 
Memphis 38 2.4.5 7.1.5 37.92 
Empire Bale 92 72 3.70 7.30 34.08 
Bob Shaw sa** 5.10 8.17 31.32 
Stoneville 213 
Bale 249290 80 3.20 8.07 31.20 
Acala 1.517 86 4.00 8.93 29.76 
Lockett 140 92 5.67 7.51 36.18 
* ' **Data furnisheq by the Southern Regional Resea.reh Laboratory. 
Maturity determined by Arealometero 
-4-
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It should be noted that a wide range in maturity values, fiber fine-
ness and other properties are demonstrated in the fibers selected. 
D. Scouring 
The six cot tons selected were first seoure!d, dried and allowed to 
condition at 65 per cent R. H. at 70 • F prior t.o presoaking and acety-
lation. Four progressively severe methods of scouring were used on all 
cottons. 
Method I 
1.0 per cent Duponal RA 
1.5 per cent Tetrasodium pyr<;>:phowhate 
Scour cotton 30 minutes at the boil:• 
Rinse in war.m water and dry. 
Method II 
2 .o per cent NaOH 
1~0 per cent Merpo1 C 
0 ~5 per cent Duponal RA 
0 .S per cent Tetrasodium pyropho:sphate 
Scour cotton 6o minutes at the boil. 
Rinse in warm water and dry. 
Method III 
3.0 per cent NaaH 
0.1 per cent Triton X-100 
0.3 per cent TSPP 
Scour cotton 6o minutes at thE~ boll. 
Rinse and dry o 
Method IV 
5.0 per cent NaOH 
2. per cent Soap (Neutral Ol~~ate} 
Scour cotton 90 nrl.nutes at thE~ boil. 
Rinse and dry. 
All percentages are based on the we:tght of the notton, and all scourings 
were made in a 20:1 bath. 
-5-
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Moisture and micronaire determinations we:re made on all conditioned 
(65 per cent R. H. and 70° F) unsecured, scoured and acetylated samples. 
Results of these determinations are presented in Table n. 
After conditioning, the scoured cottons we~re presoaked in glacial 
acetic acid for 18 hours at 70.Q F.. Acetylatlons of 30-, 6o-, and 90-minute 
durations at 64 o F were made on each presoaked Bample of cotton. The re-
sults of the acetyl analyses are also given in Table II .. and Figures 1-ll. 
Eo Conditioning at Different Relative Humiditj~ 
The conditioning of all cotton samples was: achieved by placing the 
cottons in a desiccator containing a sulfuric a.cid solution whose concen-
tration had been adjusted to give the required relative humidity at 70 o 'F. 
Tests were made to determine the moisture equilibrium time of the cottons 
under investigation. 
After moisture equilibrium was reached, the samples were immediately 
transferred to a container of glacial acetic ac:id and presoaked in the 
usual manner for 18 hours; all preconditioned .samples were acetylated for 
30 minutes at 64 o F. 
Analyses> of these acetylations are not complete and will be included 
in the next progress report. 
F. Presoaki~ at Elevated Temperatures 
To study the effect of temperature and timE~ of presoaking cottons in 
glacial acetic acid, the six varieties of cotte>ns listed in Table I have 
been presoaked at 70• F, 100• F and 130° F for 10-, 30-, 60-, 120- and 
240-minute periods. After presoaking,. the acetylation was carried out 
for 45 minutes at 64 a F. Acetyl analyses have been made only on the acet-
ylated samples which were presoaked at 100• F. The results of these 
-6-
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ANALYTICAL DATA FOR ACETYLATED COTI'ONS AT CONSTANT TEMPERATURE AND AT VARIOUS ACETYLATION TIMES 
Acetllated at 64° F 
Unacetzlated 20 Minutes 60 Minutes 90 Minutes_ 
Mois- Micro- Mois- Micro- Mois- Micro- Mois- Micro- ~ 
Cottons ture naire A(%)y1 ture naire A(%)yl ture naire A{%)yl ture naire 
"1 
(%) (%) (%) (%) 
0 
UNSCOUR&Dg 
Memphi:s 5.8 2.45 14.10 4.6 2.67 20.0 4.1 2.80 23.7 4.7 3.02 
Empire Bale 92 5.8 3.70 8.60 5.1 3.90 14.1 4e4 4.02 19.4 4.7 4.30 
Bob Shaw 5.4 5.10 6.55 5.3 5.38 11.1 5.0 5.42 16.3 4.9 5.52 !2! 
0 
0 
• Stoneville 2B +=-....;.;] 
• Bale 249290 5.9 3.20 8.95 5.0 3.80 15.9 4.5 3.85 20.4 4.4 4.10 
Acala 1517 6.0 4.00 9.20 5.2 4.20 14.0 4.9 4.33 20.9 4.8 4.55 
CD 
0 
Lockett 140 5.-9 5.67 6.45 5.4 5.95 10.9 4.9 5.95 14.1 5.2 6.22 c+ 
~ 
SCOUR I: • 
4.8 2.50 18.3 2.70 20.80 3.0 2.91 26.1 2 • .3 3.13 "" Memphi:s 2.5 0 co 
I 
Empire Bale 92 4.6 3.71 16.3 2.5 4.03, 20.90 3.0 4.32 24.2 1.7 4.40 
1-' 
\J1. "' ' 
Bob Shaw 4.9 5oCJ7 16.1 2.6 5.13 19.70 2.8 5.67 23.8 1.7 5.80 
Stoneville 2B 
. Bale 249290 4 •. 8 3.50 16.2 2.6 3.73 20.40 2.8 4.15 23.6 1.8 4.18 
Acala 1517 4.8 3.95 15.9 2.6 4.10 21.10 3.0 4.65 25.0 2.0 4.63 
Lockett 140 !:!t.7 5.62 12··1 2.6 ,2.67 19.80 2.8 6.18 2!:!-~ 2.0 6.20 
(Continue d) 
TABLE II (Continued) 
ANALYTICAL DATA FOR ACETYLATED COlTONS AT CONSTANT 'lEMPERATURE; AND AT VARIOUS ACETYLATION TIMES 
Acetl1ated at 64° F 
Unaeetl1ate d 30 Minutes 60 Minutes 90 Minutes 
Mois- Micro- Mois- Micro- Mois- Micro- Mois- M:lc ro- t-U 
Cottons ture naire A(%)y1 ture naire A(%)y1 ture naira AC%Jy1 ture naire 
t-'1 
"""\%) (%) """\%) (%) 0 SCOUR II: 
Memphia 4.9 2.50 17.9 2.2 2.62 21.20 2.7 2.73 26.1 1.9 2.98 
Empire Bale 92 4.6 3.65 16.4 2.5 3.-77 20.60 2.6 4.13 25.3 1.6 4.20 
0 
t-'1 
Bob Shaw 4.4 5.00 14.9 2.2 5.02 20o00 3.0 5.55 24.8 1.7 5.50 t+ z 
0 
Stoneville 2B 0 
I Bale 249290 4o8 3.53 16.3. 2.3 3.63 20.20 2.7 4.00 25.0 1.8 4.03 +="" ?' 
Aca1a 1517 4.6 3.93 17.9 2.2 4.00 21.50 2.7 4.45 30.7 2.1 4.57 
Lockett 140 4.4 5.57 15o8 2.1 5.65 20.40 2.6 6.20 25.6 1.7 6.CJ7 
SCOUR III: ~ 
0 
Memphis 5.6 2.50 19.-2 3.7 2.68 2.3.2 3.8 2.75 24.6 2.2 2.95 1\) 0 
OJ 
Empire Bale 92 5.0 3.72 17.0 3.6 3.98 22.0 3.4 4.10 2.3.7 2.6 4.40 ~ 
\J1. 
0'\ 
Bob Shaw 4.8 5.03 16.0 3o3 5.35 21.5 3.5 5.52 2.3.0 2.7 5.75 
Stoneville 2B 
Bale 249290 5.1 3.50 16.8 3.4 3.80 22.5 3.6 4.05 23 •. 8 2.7 4.15 
Acala 1517 5.4 4.00 17.0 3.5 4.28 22.7 3.8 4.50 24.6 2.7 4.60 
Lockett 140 4.8 5.70 15.4 3.2 5.Cf/ 20.8 3.4 6.10 23.8 2.6 6.10 
(Continued) 
TABLE II (Continued) 
ANALYTICAL DATA FOR ACETYLATED COTTONS AT CONSTANT 'lEMPERATURE AND AT VARIOUS ACETYLATION TIMES 
Acetzlated at 64° F 
Unacetllated 20 Minutes 60 Minutes 90 Minutes 1-0 
Mois- Micro- Mois- Micro- Mois- Micro- Mois- Micro- ~ 
Cottons ture naire At;)tyl ture naire Aceti:l ture naire Acetzl ture mire (%) (%) (%) (%) (%) (%) 
.SCOUR IV: 
Memphis 5.2 2.53 18.3 4.2 2.63 23.7 3.6 2.92 25.4 2.6 2.95 
0 
Empire Bale 92 5.0 3.70 16.7 4.0 4.00 22o9 3.5 4.02 24o5 2.8 4o20 ~ 
~ 





'-0 Stoneville 2B I 
Bale 249290 5.0 3.50 17.6 3.8 3.7 22.5 3.6 3.95 24.8 2.3 4.05 
Acala 151.7 5.0 3.95 18.0 4.0 4.18 23.3 3.5 4 .. 47 26.0 2 .. 3 4.40 
~~ 
Lockett l/4;0 }. '7 c::. t..o ,£. , '"' n / "" 21.9 3o4 6.()7 24.8 2.3 6.15 
:;.::'.j 
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Figure 2. The Change in Acetyl Content With Time of Acetylation for 
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Figure 3 .. The Change in Acetyl Content With Time of Acetylation for 
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Figure 4. The Change in Acetyl Content With Time of Acetylation for 
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Figure 5. The Change in Acetyl Content With Time of Acetylation for 
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Figure 6. The Change of Acetyl Content With Time of Acetylation for 
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Figure 7. The Change of Acetyl Content With Time of Acetylation for 
Empire Bale 92 Cotton Unsecured. and Scoured by Four Methods. 
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Figure 8. The Change of Acetyl Content With Time of Acetylation for 
Bob Shaw Cotton Unsecured and Scoured by Four Methods. 
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Figure 9. The Change of Acetyl Content With Time of Acetylation for 
Stoneville 2B Bale 249290 Cotton Unsecured and Scoured 





















Figure 10. The Change of Acetyl Content With Time of Acetylation for 
Acala 1517 Cotton Unscoured and :3coured by Four Methods. 
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Figure 11. The Change of Acetyl Content With Time of Acetylation for 
Lockett 140 Cotton Unsecured and. Scoured by Four Methods. 
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samples are presented in Table II!c, Because of operating errors the data 
on the 10- and 60-minute runs were discarded and will be repeated and re-
ported later with the remainder of the analyses. 
III o DISCUSSION OF RESULTS 
The results of the investigations carried out during this period in-
dicate that there is a definite relationship between maturity, fiber fine-
ness and rate of acetylationo The acetyl contemt of the :i.Imnature Memphis 
cotton is consistently higher than any other cottons acetylated in this 
groupo The two most mature cottons, Bob Shaw a.nd Lookett 140, appear to 
be the least responsive to acetylation treatments o This is particularly 
true for the unsecured sampleso It should be noted that the Micronaire 
readings of Bob Shaw and Lockett 140 are the highest of this group of 
cottons. 
Although the maturity of the three remaining cottons range from 72 to 
86 per cent, very little difference can be ·observed in their reaction 
toward acetylation treatmentse 
Scouring prior to acetylation increases the rate of acetylation for 
all cottonso This is especially noticeable in the mature cottons. Scour-
ing also tends to minimize the difference in th3 acetylation of various 
cottons. An examination of the 60-minute acetylation of unsecured cotton 
reveals a variation from l0o9 to 20o0 per cent :in acetyl content, while 
for the same period of acetylation in Method IV there is only a small dif-
ference in the acetyl content of all cottons~ the percentage ranged from 
21.5 to 23.7o 
-21- -.~ 
TABLE III 
ANALYTICAL DATA FOR ACETYLA'lED CarTONS AT VARIOUS PRESOAKING TIMES AT 100° F 
0 Minutes ,20 Minutes 120 Minutes 240 Minutes 
Mois- Micro- Mois- Micro- Mois- Micro- Mois- Micro-
Cottons* A(%)yl ture naira A(%)yl ture naire Ac%)yl ture naire A(%)yl ture naire 
'"d 
(%) t%) t%) (%) ~ 
Memphis 3.72 5.8 2.60 1.4.30 2.70 2.70 18.80 2.60 2.75 19.50, 4.00 2.75 
Empire Bale 92 1.53 5.4 3.95 8.72 3.60 3.78 11.80 3.20 3.87 13.70 4.00 3.92 
Bob Shaw 0.87 5~4 5.43 4.70 3.30 5.07 S.45 3.60 ').27 9.20 4.90 5.43 
Stoneville 2B ~ 0 
I 
I\) Bale 249290 1.37 5.7 3.80 8.05 3.50 3.70 13.80 3.20 3.73 15.30 3.90 3.83 +:-1'\) 
R 
Acala 1517 1.43 5o7 4.27 6.50 4.20 4.17 14.30 3.30 4.23 17.60 3.80 4.35 
Lockett 140 1.02 5.8 6.03 4.89 3o60 5o95 9.06 3e50 5c9J 11.00 4.40 5.96 
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It should also be noted that as the acetyl content increases the 
Micronaire readings increase slightly !J) while~ the moisture content of the 
fibers descreaseso The moisture content of tru~ scoured acetylated sam-
ples is considerably lower than that of unscou:red acetyla:ted samPlt!S hav-
ing the same acetyl ,, content o 
Partial results of the study of the effect of temperatures at time 
of presoaking with glacial acetic acid is presE~nted in Table III and Fig-
ure 12 o Since the analyses of all of the acetylations have not been com-
pleted, very little discussion of the result.s c:an be made a.t this timeo 
Complete analyses and discussion wi.ll be presented in a later reporto Al-
though acetylations have been made on cottons c:onditioned at 15 per cent 
Ro Ho and 65 per cent Ro Ho, analyses of these acetylations have not been 
completed and will also be presented when completedo 
IV o FUTURE PROGRAM 
Work will continue on the study of the effect of moisture content on 
the rate and degree of acetylation of the selected cottonso 
The study of the effect of time and temperature of presoaking in 
glacial acetic acid will also be completedo From these data, an optimum 
time and temperature of presoaking will be selected for ~urther study of 
the effects of temperature on the rate and degree of acetylationo 
Approved: 
Herschel Ho Cudd~ Acting Director 
Engineering Experiment Station 
Respectfully submitted: 
~ 
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Figure 12. The Change in Acetyl Content With Presoaking Time at 100° F. 
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I o WORK PROGRAM 
The modified acetylation machine describe~d in Quarterly Report No o 4 
* (Figures l and 2) was used in the following wo,rk program conducted during 
the past quarter .. 
A. A study has been made on the effec·t of moisture conditioning 
ranging from 15 to 85 :per cent relati·IT~ humid:i ty at 70e~ Fo on 
the rate and degree of acetylation of six selected varieties of 
cotton. These cottons are the same aB those reported in Progress 
Report No. 4 .. 
B.. In the study of the effect of presoaklng on degree of acetyla-
tion, the six cottonl! were presoaked a.t various times ranging 
:from 10 minutes to 240 minutes, while the temperature of pre-
soaking varied from 70$ · F. to 170° :li'. 
C,. An investigation of the effe~t of temperature on the degree of 
acetylati.on at constant presoak condi t:tons of 10 minutes at 
170° F. was completed.. The temperaturE~ of acetylation varied 
from 58° to 82° F., while the time f'or all acetylations was 
45 minutes. 
D. Moisture content, fiber strength and fiber fineness were deter-
mined to show the effect of acetylation on the physical proper-
ties of the various cottons. 
'Tables and figures are presented in the Appendix. 
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II (t EXPERIMENTAL WORK 
Ao The Effect of Conditioning at Various Relati.ve Humidities on 
Acetylation 
The moisture conditioning tests which were started in the previous 
~uarter were completed and the results are shown in Tables I through III, 
3.nd Figures 3 through 14o The samples were conditioned in a desiccator 
J . 
¥hich contained a sulfuric acid solution adjusted:' to give 15, 35, 50 and 
I , 
35 per cent relative humidity. 
Jl 
The samples were presoaked 18 hours and 
~hen acetylated at 64° Fo for 30, 60 and 90 m:tnutee using the same proce-
lure described in Progress· Report Noo 4 (Section B, page 3) o 
3. The Effect of Presoaking Time and Temperature on the Degree of 
Acetylation 
The six cottons were'presoaked in glacial acetic acid for 10, 30, 60, 
.20 and 240 minutes at 70° , 100° , 130~ and 170~~ F o All samples were 
.cetylated for 45 minutes at 64" F. The results of these experiments are 
resented in Tablee IV through VII and Figures 15 through 29o 
0 The Effect of the Temperature of Acetylation on the Degree of 
Acetylation 
Constant presoaking conditions of 170° Fo for 10 minutes were selected 
or thie etudyo The six varieties of cotton were then acetylated for 45 
resented in Table VIII and Figure 30o 
-2-
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)o The Effect of Acetylation on the Physical Properties of Cotton 
After acetylation, the · cottons were tested .for (1) fiber strength using 
lle Pressley Fiber Strenth Tester, (2) fiber fint3ness l;>Y the Sheffield 
ricrgi'latre ·Machine, and (3) per cent moisture as determined by the Brabender 
oisture Tester. Tables I through VIII and Fj.gures 31 and 32 show the 
·esults of these testso All physical tests were carried out at standard 
aboratory conditions of 70° Fo and 65 per cent relative humidityo 
~3-
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III., DISCUSSION OF RESULTS 
An examination of the results of moisture conditioning~ as shown in 
J,igures 3 through 13, shows that increasing moisture contents in the wide 
·ange corresponding to 35 ·· to 85 per cent relative humidity at 70° F. in-
:reases the rate and the degree of acetylation for all the cottons under 
nvestigation. 
The data indicate that the mature cottons arE! more affected by the 
oisture conditioning than are the immature varie~ties o For example :J Lockett 
40 cotton exhibits a steady, almost linear, rise in degree of acetylation 
bile increa.sing moisture content at 60 minutes acetylat:i.on time o The 
ise is less regular and not as pronounced for the :i.mmature Memphis 
ariety and the Acala 1517 variety, suggesting th9.t i'Ol!D.aturity and mois-
ure conditions during growth of the cottons alter the ef:fect of moisture 
)nditioning prior to acetylation. 
For all varieties of cotton there is no appre<~iable difference _ in 
:tte or degree of acetylation produced by condj.tioning at 15 per cent 
1d 35 per cent relative humidity. T!1is may be e>~lained by assuming 
1at the degree of swelling produced by condi tioni.ng at 35 per cent 
~lative humidity or below is compensated for by the presoak J.n glacial 
:etic acid. 
The cottons conditioped at a relative humidity greater than 35 per 
~nt exhibit a greater swelling than that produced by glacial acetic 
id and therefore exhibit a greater rate and degr,ee of acetylation. 
The data presented in Tables IV through VII ami F'igure5 15 through 
show that increasing the presoaking temperature at constant time 
sulte in a ·rapid increase in the degree of acetylation until £., maximum 
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acetyl c;:ontent is reached; then further increases in pre~oaking tempera-
ture produce no higher acetyl contentso At the 100° F. presoaking tempera-
~ure the maximum per cent acetyl was obtained at a presoak time of 120 
ninutee; at 130° Fo approximately 60 ~nutes presoak were required :for 
!lB.Ximum per cent acetyl; and at 170~ Fo only 10 minutes presoak wa~ needed 
~o reach maximum acetyl o Thi e statement holds for all the cottons except 
:or the very immature Memphis variety, which reaebed its maximum acetyl 
:ontent with a presoak time of 10 minutes at lOOG' F o, 130co F o and 17001 F o 
The maximum acetyl content was never reached for the 70° F o presoak 
·i thin the time range established for these presoaking experiments o 
The results of the studies to show the effect of acetylation tempera-
ure on the degree of acetylation are shown in Table VIII and Figure 30o 
ram these data it is apparent than an increase o:f 24 Q F o (58~ to 82()) F o) 
n the acetylation temperature approximately doubled the acetyl content 
or the variouf! cottonso For example, the immature Memphis cotton in-
reaeed in acetyl content :from l2 o ·rr to 23 o 7 per c:ent o The mature 
:>ckett 14o cotton increased f'rom 7o96 to l9o9 per cent and the :inter-
!diately mature cotton, Stoneville 2B, increased from 10o7 to 2lo5 per 
~nt o Over the entire range of acetylation te~erat·ures, 58~ F., 64° F o, 
)° F o, 76~ F o and 82" F ()", the increase in acetyl content for all the 
,ttone tested was relatively constant, as shown by the straight lines 
L Figure 30 .. 
In general, the determination of the effect of acetylation on the 
tysical properties o:f the cottons showed, with inc~reasing acetyl contents, 
general decrease in tensil.e strength, a marked. de!crease in moisture 
-5= 
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content at standard condi tiona, and a slight Elwelling or increase in 
fiber diameter. As illustrated in Figures 31 and 32, the notable excep-
tion to the general statement is the marked decrease in fiber strength 
with increase in acetylation temperatureo This degradation was so great 
at 82° F. acetylation temperature that reliable tensile strengths could 
not be determined on any variety of cottono 
-6--
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IV. FUTURE PROGRAM 
Work on determination of the rate and deg~ee of acetyiation of the 
original twelve varieties of cotton, ·along with some others received 
recently from Southern Regional Research Laboratory, will be concluded 
during the next quarter. Efforts will also be directed toward determina-
tion of the physical and chemical properties o:E" these cottons and relating 
these results to the rate and degree of acetylation. This should complete 
Part I and Part II of the subject contract. 
Approved: 
He~s~hel-H:-Cudd, Acting Director 
Engineering Experiment Station 
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R~spe!ctfully submitted: 
J!uhes L. Taylor 
Project Director 





Empire Bale 92 
Bob Shaw 
· Stonevil~e 2B 
Bale 249290 










Acal a. 15:17 
Lockett 140 
TABLE I 
' ANALYTICAL DATA FOR COTTONS ACETYLATED FOR 30 MINUTES AT 64,° F o 
AF'IER CONDITIONING AT VARIOUS RELATIVE HUMIDITIES 
12 -%-Relative Humiditl 22 % Relative Humiditl 20 % Relative Humiditz 
Mois- Micro- Pressley Mois- Micro~ Pressley Mois- Micro- Pressley 
A C~l ture naire Index ~ture naire Index ~ ture naire Index 
(%) Cfg/ino) (%) ~g/ino) =-oo- (/.(g/ in 0 ) 
12o30 5o4 2o67 6o56 12o20 5o2 2o67 6o5J· 12o6 5o6 2o60 7o02 
5o70 6o2 4o02 7ol4 5oJ9 5o6 3o9J '71o44 6o31 6oJ 3o93 7o06 
3o87 6o5 5oJ8 8ofJ? 3o57 5o4 5o3J 8o47 4o47 6o4 5o47 8o49 
6o.59 5o9 3o92 8ol9 6o54 5o7 Jo80 8o25 7o64 6ol Jo75 8o21 
6o51 6ol 4oJO Bo68 6o90 5o9 4o25 8oJ4 8o25 6o2 4o25 8o20 
3o40 6o4 6o00 7o40 3o51 5o8 6o05 6o84 Jo90 6o3 6o00 7o84 
65 % Relati ve Humidit:t 85 ! Relative Humiditz 
Mois- Micro= Pressley Mois- Micro- Pressley 
~ture naire Index ~ ture naire Index t%J C,gjino) -=oo- ~fgj in o) 
l4o0 4o6 2o67 6o59 14oJ 4o7 2o55 6ol8 
BoOO 5ol 3o90 6o8J 8o26 5o6 Jo90 9o08 
5o95 5oJ 5o38 8o22 5o76 5o6 5e27 8oJ7 
9o37 5o0 3o80 7o80 9o81 5o4 3o68 SoU 
?o95 5o2 4o20 8o70 llo4 5o? 4o20 Bo48 



























ANALYTICAL DATA FOR COTIDNS ACETYLA TISD FOR 60 MINUTES AT 64° F. 
AF'IER CONDITIONING AT VAIUOUS RELATIVE HUMIDITIES 
12 %Relative Humiditz ~2 ~Relative Hwnidit;t 20 % Relative Humiditz 
Mois- Micro- Pressley Mois- Micro- Pressley Mois- Micro- Pressley 
Cottons Ac(~l~ naira Index Ac(t)l ture naire Index Ac{jyl ture naire Index ~ Cfgfino) (%) (~gjino) - (%) ~gjino) 0 ~ 
Memphis 18o4 ho6 2o75 6ol3 17.6 4o5 2o68 6ol4 19o4 4o4 2o73 6ol3 (0 Ul 
Ul · 
Empire Bale 92 10o6 5o6 3o93 6o92 9o67 5o7 J,/17 6o87 llo7 5o0 4o02 6o73 ~ 
CD 
Bob Shaw 7o59 5o2 5o33 8.07 6o89 5.1 5o33 8.28 8o82 4o8 5oJ8 Sol? ~ 11 
c+ 
Stoneville 2B llo?O 5o2 )o80 ?o51 10o7 5o3 3o93 8o0l 13.0 5o2 3o82 7o91 ~ Bale 249290 = I 
~ 
Acala 1517 11.30 8o21 llo8 5o3 4o27 8o36 14o0 4o52 8o02 
V1 
0 5o4 4o33 5o4 I 
Lockett 140 6o84 5o8 6o00 7ol2 6.Er/ 6o0 5o98 7ol8 8o51 5o5 5o95 7ol6 
62 % Relativ~ Humiditl 85% Relativ-e Humiditz I~ c+ 
Mois= Micro~ Pressley Uois- Micro- Pressley !21 
Cottons A'""o+ .... .-1 -t-.,.,. .... :naire Index AcC~l ture naire Index -o •• ""'"' .... ~..... IJU.J. c;;; -- (%j ~- ~-g/ino) (%) c,.,i}ino) 
0. 
!\) 
Memphis l9o5 4ol 2 o80 6o14 21.2 4o2 2o73 6oll g 
D 
6o47 14o7 4o) 4o00 6o79 
1---1 
Empire Bale 92 l3o5 4o4 4.02 \J1 
"' Bob Shaw 10.6 5o0 5o4J 7o80 llo3 4.o8 5.50 8ol9 
Stoneville 2B l)ol 4o5 3(J85 ?ol7 16o3 4o6 Jo80 7o37 
Bale 249290 
Acala 1517 l4o0 4o9 4o33 7o76 19ol 4o4 4o3) 7o36 
Lockett 140 10ca8 4o9 5o95 6o65 12o.2 4o9 6oCJ7 6o86 
Cottons 
Memphis 

















ANALYTICAL DATA FOR COTTONS ACETYLATED FOR 90 MINUTES AT 64° Fo 
AFTER CONDITIONING AT VARIOUS RELATIVE HUMIDITIES 
12 % Relative Humiditz 22 i Relative Humiditz: 50 % Relative Humiditl 
Mois- Micro- Pressley Mois..:. Micro- Pressley Mois'- Micro- Pressley 
Acc%1'1 ture naire Index ~ture naire Index A (%1'1 ture naira Index (%) ~i/ino) (%) lfilin.) (%) {flY' in.) 
20.7 3.9 3.35 5.45 20.9 3.9 3.22 5.81 24.3 4.1 3.23 5.73 
15.9 4.2 4.43 5.98 15.3 4o4 4.25 6.63 17.5 4.6 4.43 6.11 
12.2 4.1 5.70 7.35 12.6 4.6 5o 53 7.86 14.6 4.8 5.78 7.34 
16.8 3.8 4.28 6.91 17.1 4.2 4.10 7.35 19.2 4.3 4.22 6.90 
17.0 4.2 4.95 7.08 17.3 4.4 4.67 7oll 19o7 4o7 4.90 7.01 
11.7 4.6 6.38 6.79 11.4 5.3 6.30 7.14 13o0 5.2 6.17 6.58 
62% Relative Hurrdditz 85 ~ Relative Humidit~ 
Mois- Micro- Pressley Moi,!:l- u; "'""-........-......, ... -.,- Pressley 
~ture naire Index Ac{~l t(%) naira Index (%) )Ug;'in.) y.tg)'in.) 
23.5 4o7 3o02 5o93 24o8 4.1 3.08 5.66 
18o8 4.7 4.30 5o99 18.6 4o4 4.20 6.56 
l5o6 4o9 5o.52 7o26 15.6 4.1 5.55 7.49 
19o2 J4.o4 4.10 6o34 20.4 4.1. 4.08 6.77 
20.3 4.8 4o55 6.74 22.9 4.0 4.88 6.94 






















ANALYTICAL DATA FOR ACETYLATED COT'IDNS AT VARIOUS PRESOAKING TIMES AT 70° F o 
0 Minutes 10 Minutes 30 Minutes 
Mois- Micro- Pressley Moia:- · Micro- Pressley Mois- Micro- Pressley 
Cottons A C~lture naire Index A {~1 ture naira Index Ac(%}1 ture naire Index · ~ ' (%) ~i"ino) (%) (fg/in.) (%) y;g/intl) 0 
Memphis 3.?2 5.B 2o60 6o24 8.07 5.8 2o62 6~e!7 10.5 5.6 2o63 6.68 ~ CD 
Ol 
Empire Bala 92 1.53 5.4 3.95 6.99 2o75 5.7 3.f!fl 7.16 3.89 5.7 4o00 6o92' 
Ol 
!::d 
Bob Shaw o87 5.4 5o43 Boll lo46 5.5 5.30 Bo20 2.36 5.5 5.37 8.1); ~ 
ti 
Stoneville 2B 1.37 5.7 3.80 7.71 3o}7 5o8 3.66 Bol6 3 .en 5o7 3o83 7o8'7 c+ 
Bale 249290 ~ 
i 
8.63 8.32 2.78 5.8 t-' Acala 1517 lo43 5o7 4o27 2.17 5o8 4o20 4o3:0 Boll \J1 I\) 
! 
Lockett 140 1.02 5o8 6o03 7.05 1.)7 5o9 5o92 7o32 1.84 5.9 6.05 7o20 ~ 
0 
60 Minutes 120 Minutes 240 Mimites <:..-ro 
Mois- Micro- Pressley Mois- Micro- Pressley Mois- Micro- Pressley 
(";) 
c+ 
Cottons Acetyl _tu.:re naire Index A ~~+. "17'1 + .,,..~ nai:r-e Index A (%)1 ture naire Index ~ 
(%) ~ 7fiJino} --v(%)~ "{%)= {fi/in.) (%) {j.g/in.) 0 








3o07 5o4 5o32 7.93 5o3 5.35 8o07 lto/+2 4.9 5o40 8o02 
0'\ 
Bob Shaw 4o38 
Ston~ville 2B 4o87 5o6 3o75 ?.96 6o80 5o5 3o7J 7.73 8o03 5.0 3.83 · 7o54 
Bale 249290 
Acala 1517 4o20 5o9 4o22 Boll 5o62 593 4o25 8o04 6o79 5o3 4o28 8o01 
Lockett 140 2o59 5o9 5c.95 7o21 2o62 5o? 6o05 6o98 4o04 5o5 6o03 6o84 
TABLE V 
ANALYTICAL DATA FOR ACETYLA TED COTTONS AT VARIOUS PRESOAKING TIMES AT 100° F o 
0 Minutes 10 Minutes 30 llinutes 
Mois- Micro- Pressley Mois- Micro- Pressley :Yo is- Micro- Pressley 
Cottons Ac{%}1 ture naira Index ~ture naire Index ~ture naira Index (%) (/iiJino) (%) sggJino) (%) y;g;ino) ~ 
0 
Memphis 3o72 5o8 2.60 6o24 16.9 4o9 2.80 6.84 15to5 4.,7 2o70 6 .. 37 ~ 
6.99 6.55 
Cl) 
Empire Bal~ 92 lo53 5o4 3.95 7.83 5.3 3o90 8.91 4o7 3o78 6o80 01 Ol 
Bob Shaw o87 5o4 5o43 Boll 4o62 5.0 5o35 8oJ3 4o59 5.3 5.07 8o42 ~ Cl) 
Stoneville 2B lo37 5o? 3.80 ?o71 7o90 5o4 Jo80 ?olJ 8.23 5ol 3.70 7ocYJ 
Bale 249290 
I Acala 1517 lo43 5.7 4o27 8.63 6o61 5o8 4o30 8.27 6.44 5o6 4ol7 Bo50 
t-' w Lockett lAO 1.02 5o8 6.03 7o05 4o33 5o2 5.90 7o4'J 4o74 5o3 5o95 6.96 j 
60 Minutes 120 Minutes 240 Minutes 
Mois= Micro- Pressley Mois~ Micro- Pressley Mois- Micro- Pressley 
Cottons Acet~l tu:re naire Index !c~&l tt;~ naire Index Acetyl ture naire Index tcr l<t'\ (,.,_}.:_ ' \16) \:1>) \fgjino) ~1%) -(%) YJgfino) f\) "\.fVJ \IUJ ..,. o/ .L.U o J 0 
CD 
Memphis 17o2 4o4 2.82 6.10 18ol 4o0 2o75 5o91 18a5 4o0 2.75 5.70 i ~ 
\.1! 
Empi:re Bale 92 9o86 5ol 4.10 6o52 llo8 4o6 3aEr'/ 6.13 l)oO 4o8 3.92 5o98 0\ 
Bob Shaw 6.44 4o9 5o35 Boa? 8'o45 5e~2 5o27 7o68 9a26 4o9 5o4J 7ol8 
StoneYi~le 2B llo5 5o0 :3.88 6.93 13o8 4o2 3o73 6o68 14oB 3o9 3o83 5o99 
Bale 249290 
Acala 151? 9o75 5o3 4oJO 7o84 14o5 4o4 4.23 ?o32 17.6 3o8 4.35 ?.28 
Loo'ke t t 140 5o45 5o5 5o95 6o99 9o06 5ol 5o93 6o85 10o6 4o4 5o96 6o48 
TABLE VI 
ANALYTICAL DATA FOR ACETYLATED COTrONS AT VARIOUS PRESOAKING TILES AT 130° F. 
0 Minutes 10 :Minutes ~0 Minutes 
Mois- Micro- Pressley llois- Micro- Pressley Mois- Micro- Pressley 
Cottons ~ture naire Index Ac(~l ture na.ire Index Ac(~l ture naire Index 
(%) y.ti/in.) (%) V"li'in.) {%) Yii/in.) t"tt 'i o · 
Memphis 3o72 5.8 2o60 6.24 17.3 4.6 2.85 6.86 17.1 4.1 2.85 6.78 ~ 'i 
(1) 
Empire Bale 92 1.5) 5.4 3o95 6.99 8.43 4.8 4.02 6.90 10.3 4o7 4.00 6.38 til 01 
!;:d 
6.08 Bob Shaw .87 5.4 5.43 8.11 5.2 5o47 8.08 8.30 4o9 5.40 7.82 (1) 'g 
Stoneville 2B 1.37 5.7 3.80 7o71 ll.6 4.8 3.90 7.33 12.6 4o5 3.91 7.00 'i c+ 
Bale 249290 ~ 




Lockett 140 1.02 5.8 6.03 7o05 6.21 5.97 7.50 7.42 5.0 6.00 6.97 c 5.2 
60 Minutes 120 Minutes 240 Minutes (1) 
Mois~ Micro= Pressley MoiS=- Micro= Pressley Mois- Micro- Pressley () c+ 
Cottons Acet\1 ture naire Index Ac~~¥1~ nailre I!!<iex AcetvJ tnre ""'a.,,..o. Index .&...a.u•.L~ t2l (11,../.;_' ~gfin.-r- ({) (%) ytifin.) (<t. (Cl\ 'f"tSI ..LJ.!o) ~~) t%) 0 ,,-, ,,.,~ 0 
Memphis 17.5 3o7 2.87 6.47 19.2 3.8 2.80 6.33 18.6 3.9 2.87 6.05 1'\) 0 
():) 
6.27/ Empire Bale 92 12.3 4o4 4.13 6.38 13.4 4.0 3o95 13.6 4o2 4..01 5.91 I 1-' 
\.11 
Bob Shaw 9o87 4o5 5.50 . 7o74 12.1 4o4 5.22 7.01 12.3 4.3 5.42 6.87 0\ 
Stoneville 2B 13.9 4o2 3.93. 6.95 14.6 4o2 3.80 6.91 14.7 4.1 3.93 6.71 
Bale 249290 
Acala 1517 15.6 4o3 4.45 7.58 16.2 3.9 4.25 7614 16.4 4o2 4.30 7~04 
Lockett 140 9o91 4o5 6.08 6.69 111J1 4o5 6.02 6.7r0 10.8 4o4 6.18 6.76 
- . 
TABlE ni 
ANALYTICAL DATA FOR ACETYLATED COTTONS AT VARIOUS PRESOAKING TIMES AT 170° F. 
0 Minutes 10 Minutes lO Minutes 
Mois- Micro- Pressley Mois- Micro- Pressley Mois- Micro- Pressley 
Cottons ~ture naire Index Ac(%yl ture naire Index Ac(%)"1 ture naire Index :r (%) (p~/in.) (%) (/Jilin.) (%) {fil'ino) 0 
~ Memphis 3.72 5o8 2o60 6.24 16.5 4o7 2.63 6.89 17~.0 4o7 2o73 6.38 (1) m 





Bob Shaw .87 5o4 5o43 8.11 8.90 5.4 5.38 9.53 5o0 5.40 
Stoneville 2B 1.37 5.7 3.80 7.71 12.8 4o8 3.80 6.64 13.0 5.3 4.02 6.21 
Bale 249290 
' 1-' Acala 1517 lo43 5.7 4o27 8.63 14.0 5.0 4.22 8.29 14.5 593 4.42 7964 \.J1 
I 
Lockett 140 1.02 5.8 6.03 7.05 8.86 5.2 5.90 7.25 9.27 5.3 6.02 6.56 :r 
0 
c.... 
60 Minutes 120 Min~tes 240 Jl.inutes (1) () 
c+ 
Cottons Acetyl ture nai~e Index J\,.. ..... + __ , ~---- naire Index Ac <trl ture naire Index ~ 
(%) ~ {fi/in.) n~(%~.L v(%) 9'i"in.) """""{%) (/'gjin.) 0 
ro 
Memphis 16.6 4o3 2.78 6.16 16.8 4.2 2.73 5o97 16.6 4o3 2o80 5o49 0 (X) 
I 




Bob Shaw 9.98 4.9 5.43 6.54 9.95 4.2 5.45 6.13 10.8 4.4 5!40 5!61 
Stoneville 2B 13.3 5.2 3.85 5.72 12.5 4.o5 4.00 5.98 13.9 4oJ 4.10 5.88 
Bale 249290 
Acala 1517 14.4 5.0 4o35 6.35 15o0 4.6 4.35 6.35 15.4 4o3 4.52 6.14 






ANALYTICAL DATA FOR ACETYL A TED COTTONS AT CONSTANT PRESOAKING CONDITIONS* 
AND AT VARIOUS ACETYLATION 'IEMPERATURES 
58° F. 61/ F. . 70° F. 
Mois- Micro- Pressley Mois- Micro- Pressley Mois- Micro-
Cottons Ac(tyl ture naira , Index Ac(tyl ture naire Index Ac(t~l ture naire (%) <Pi/in.) % --oo- (/Ugjin.) % (%) (Jigjin.) 
Memphis 12.7 4.9 2.68 6.02 16.5 4.7 2.63 6.89 19.2 4.0 3.00 
Empire Bale 92 9.13 4.9 4.02 6.62 11.4 5.2 3.93 6.91 13.5 4.2 4.33 
Bob Sha.w 7.48 5.0 5.37 7.70 8.90 5.4 5.38 6.68 10.7 4.6 5.73 
Stoneville 2B 10.7 5.3 3.65 7.16 12.8 4.8 3.80 6.64 15.4 4.3 4.08 
Bale 249290 
Acala 1517 10.8 5.3 4.32 8.01 14.0 5.0 4.22 8.29 16.8 4.3 4.58 
Lockett 140 7.96 5.4 6.00 6.53 8.86 5.2 5.90 7.29 11.00 4.3 6.27 
76 F. 82 F. 
Mois- Micro- Pressley Mois- Micro- Pressley 
Cottons A ~~t. vl + .n ... a """.,..,.'"" ...... ~ Index AccHl ture naire · Index -· -,(~- "(%) ~.Ia ..... .~. ..... ~yin.) (%) c,g;in. J 
** Memphis 20.7 4.2 3.08 5.52 23.7 3•9 3.18 
Empire Bale 92 17.1 4.4 t ... 2B 6.16 20.4 4.0 4.50 ** 
Bob Shaw 15.3 3~9 5.57 6.33 19.3 3.5 5.87 ** 
Stoneville 2B 18.3 4.2 4.10 6.17 21.5 3.7 4.23 ** 
Bale 249290 
Acala 1517 20.0 4o0 4.60 6 •. 83 23.1 3.4 4.78 ** 
Lockett 140 14.7 4.4 6.10 6.01 19.9 3.7 6.18 ** 
-~ 0 
Cottons presoaked 10 minutes at 170 F. 
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Figure 3. The Change in Acetyl Content with Time of Acety1at ion for 
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Figure 4. The Change in Acetyl Content with Time of Acetylation for 
Empire Bale 92 Cotton Moisture Preconditioned at Five 
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Figure 5. The Change in Acetyl Content with Time of Acetylation for 
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Figure 6. The Change in Ac e tyl Content with Time of Acetylation for 
St onevill e 2 B Cot ton Moisture Preconditioned at Five 
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Figure 7. The Change in Acety l Cont e nt wi th Time of Acetylation for 
Acala 1517 Cotton Mois t ure Pre cond itioned at F ive Different 
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Figure 8. The Change in Acetyl Content with Time of Acetylation for 
Lockett 140 Cotton Moisture Preconditioned at Five 
Different Relative HumiditieB. 
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Figure 9. The Change in Acetyl Content with B.elat ive Humidity of Pre-








t=' z 18 w 
'-; 
a::: 
w e:. 16 
.... 
z 













Progress Report No. 5, Pr·oject No. 208-156 
I I I 
90 MINUTE ACETYLATIONS 
r- 60 MINUTE ACETYLATION$ ·---
30 MINUTE ACETYLATIONS - ·-·-- --
n • ------~ 
~ 
~...-





0 ~ ~ 
0 
- ----------,~ ...,...---,, ,, 
---~ I' ..,_ _______ 4 .-----
15 35 50 65 85 
RELATIVE HUMIDITY (PER·CENT AT 70° F) 
Figure 10. The Change in Acetyl Content with Relative Humidity of 
Preconditioning for Empire Bale 92 Cotton at Three 
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Figure 11 . 'rhe Change in Acet y l Content with Relative Humidity of 






















Progress Report No. 5, Pr0ject No . 208-156 
30 
I I - I 
90 MINUTE ACETYLATION$ 
28 1--- 60 MINUTE ACETYLATI ONS --


















/ '"4 r" 
~· - ""'" , """ -- 0 
10 
8 





... __ ........ 
4 ~------- '""'1 ,_ ........ --6 
4 
2 
15 35 50 65 85 
RELATIVE HLJMtn iTY fPFR·CENT AT 70° F) 
Figure 12. The Change in Acetyl Content with Relative Humidity of 
Precond it ioning for S onevi l le 2B Cotton at Thre e Times 
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Figure 13. The Change in Acetyl Content with Relative Humidity of 
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Figure 14. The Change in Acetyl Content with Relative Humidity of 
Preconditioning for Lockett l~kO Cotton at Three Times of 
Acetylation. 
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Figure 16. The Change in Acetyl Content with Presoaking Time at 10C°F. 
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ACETYLATION TIME- 45 MIN.- TEMP. 64°F 
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Figure 18. The Change in Acetyl Content w:Lth Presoaking Time at 170° F. 
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Figure 19. The Change in Acetyl Content with Presoaking Temperature 
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Figure 20. The Change in Acetyl Content with Pre s oaking Temperature 
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() BOB SHAW - - - - - -
() STONEVILL~ 28 - - --
0 ACALA 1517 -----
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Figure 21. The Change in Acetyl Content with Presoaking Temperat ure 
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Q EMPIRE BALE -- ----
() BOB SHAW -- - ----
() STONEVILLE 2B- ·~ --
0 ACALA 1517 - -- ----
e l~KETT 140 ----~--
140 160 
Figure 22. The Change in Acetyl Content with Presoaking Temperature 
Using a 120 Minute Presoaking Period. 
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}l,igure 23. The Change in Acetyl Content with Presoaking Temperature 
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Figure 24. The Change in Acetyl Content with Presoaking Time for 
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Figure 25. The Change in Acetyl Content with Presoaking Time for 
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Figure 26. The Change in Acetyl Content with Presoaking Time for Bob 
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Figure 27. The Change in Acetyl Content 1vith Presoaking Time for Stone -
ville 2 B Cotton at Different Presoak Temperatures. 
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Figure 28. The Change in Acetyl Content with Presoaking Time f or Acala 
1517 Cotton at Different Pr·esoak Temperatures. 
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Figure 29. The Change in Acetyl Content wi th Presoaking Time for Lockett 
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Figure 30. T~e Change in Acetyl Content wi th Acetylation Temperature 
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Figure 31. The Change Micronaire with Acetyl Content f or Six 
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Figure 32. The Change in Pressley Index with Acetyl Content f or 
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I o WORK PROG:HAM 
The work program followed for the past qt~ter is presented belowo 
lo The rates of acetylation at 64° Fo have been determined for 25 
different cottons during the pant quartero 
2 o Determinations of per cent ae;h n.nd spectrographic analyses for 
the constituents of this ash ha"'re been made on scoured and un-
secured samples of Memphis, Em.p:Lre, and Lockett 140 cottons o 
3 o Attempts have been made to rE~late the rate o:f acetylation o:f each 
cotton with its physical propertieso Statistical studies of the 
e:ffects -of the seoltting, corulit:loning at various relative humidi-
ties, and presoaking experimentl3 on the acetylation reaction have 
been startedo 
II o EXPER~J:.1AL WORK 
Ao Acetylation o:f 25 Different Cottons . 
The twelve cottons (1 - 12, Table I) ori,ginally received from SRRL along 
with thirteen additional cottons were sele•::ted for determination of acetylation 
rateso It was thought advisable to repeat the acetylation experiments on the 
original twelve cottons since initial attempts to acetylate at constant temper-
ature were unsatisfactory because constant temperatures could not be maintainedo 
Subsequently, the acetylation equipment was mo~fied to provide the control 
necessary to acetylate at constant temperatureo (See Progress Report Noo 4, 
page 2 .. ) 
The additional thirteen cottons were selected to show if differences in 
area of growth, per cent maturity, and fiber fineness affect the acetylation 
rateso 
-1~ 
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These 25 eottons, listed in Table I,were cleaned, conditioned at 70° Fo and 
65 per cent relative humidity, then presoaked in glacial acetic acid at 70° ·F. 
for approximately 18 ho~s prior to acetylatie>n at 64° F .. for 15, 30 ~~ 6o, and 
120 miriutes using the procedure described in lTogreas ·Report- No o 4, section B, 
. * page 3o These resttl.ts are shown in '!'able II ~md Figures 1 through :6o 
B o Determination of Ash Content and Ash Analyses of Three Varieties of CottoiJ. 
Three yarieties of cotton (Memphis, LockE~tt 140, and Empire) were selected 
for .chemical analysis in order to determine t11e relationship between rate of 
acetylation and the chemical constituents of c!otton sueh as g per cent ash, ash · 
eonsti tuents, per cent water-soluble materi .. ali;, acetic-acid-soluble materials, 
and others as specified in the contracto 
'fhese cottons, selected because of wide ctlfferences in ~turi ty, fiber 
fineness, and rate of acetylation) were tef>teci for per cent ash constituents o 
For the determination of ash content lm approximately iO gram sample of 
each co·tton was accurately weighed in a platiJlttm crucible o The crucible and 
cotton were then placed in a muffle furnace ~nd ashed at approximately 650° Co 
After cooling in a desiccator, the sample 1~s weighed and the per cent ash cal-
culatedo 
The ash from duplicate samples was tht~n ~ ombined and the constituents 
determined by spectrographic analysis o 
Scoured samples of the three cottons preYiously mentioned (scoured in a 
solution of loO per cent Duponol RA and lo5 per cent tetrasodium pyrophosphate 
for 30 minutes at the boil in a 20-to-1 bath) were also tested for per cent ash 
4 -
All Tables and Figures are presented in the appendixo 
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and ash constituents, using the same method 01itlined above for the unsecured 
sampleso The results of all these tests are ~~esented in Tables III and IVo 
Co Statistical Studies of the Effects of . ~he Physical Properties on the 
Acetylation of Different Cottons 
Preliminary calculations to determine if there is any correlation between 
the physical properties and the rate of acetylation of the various cottons have 
been undertakeno Analysis of variance calcula.tions for the scouring, relative 
humidity conditioning, and presoak experiments have also been undertaken o Since 
all statistical calculations have not been con~leted, no correlation data is in-
eluded in this reporto 
III o DISCUSSION OF RESUI,TS 
In addition to the original 1.2 cottons lj.sted in Table I, Progress Report 
No. 2, 13 cottons which exhibit differences iDl growth, location, ~variety, 
maturity, fineness values, strength, and x-·ray angle were acetylated in order 
to determine the effect of physical properties. on rates of acetylation, as 
illustrated in Figures 1 through 6o These cottons show a wide range of' acetyl-
ation rateso 
Figures ?through 10 show a plot of log ~~· vso log T where A is per cent 
acetyl and T is time o The fact that these plc•ts are straight lines permits 
numeric representation of those curves for eac:h cotton by the general equation: 
A 
log -rr· = log K + If log T 
where A is per cent ace.tyl, T is a.cetylation time, K and N are constants for 
each cottona This numerical characterization of t.he cottons will be useful in 
the correlation calculations which will be con~leted and reported next quartero 
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Examination of the data from the ash determinations shows a slight increase 
in ash content for mature cottonso The analysis for the ash constituents as 
presented in Table II reveals little difference in the constituents of the 
samples.. It is noted that the very immature :M:em:pbis co~ton shows traces of 
aluminum and :phosphorus in addition to other e·lements found in the more mature 
Empire and Locketto Further examination shows. that the sco'Uring action removes 
all of the potassium, does not essentially change the amounts of sodium, mag-
nesium, silicon, and boron, but increases the amounts of calcium and aluminum 
and adds some strontium a The add.i tion of strontium and the increase in the 
amounts of aluminum and calcium is probably due to the scouring ingredients o An 
examination of the complete data, plus the ef:f~ect of the scouring procedures as 
reported in Progress Report No o 4, indieatE!S that neither the amount of ash nor 
the ash constituents greatly influences the rate and degree of acetylation .. 
IV o FUTURE PRO<:tRAM 
Using the data obtained during the past 11ine months, efforts will be 
directed toward determining the correlation o:r the physical properties of the 
various cottons with their rate o:r acetylatiOltl .. 
Statistical studies of the effect of scouring, relative humidity, condition-
ing, and presoaking on the rate of acetylatio:n of cotton will also be made o 
Various chemical analyses such as determination of. per cent acetic-acid-, 
ammonium-oxalate-, ethyl-alcohol-, chloroform-, hot-water-, and benzene-soluble 
materials present in ~scoured and scoured samples of Memphis, Empire, and 
Lockett 14o cottons will be comp+eted next quartero 
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Additional aeetyla'tions will 'be made on the six cottons used in the rela-
• 
tive humidity study. Acetylations Will be made at 30, 6o, and 90 minutes on 
cotton conditioned at 0 per cent relative humidity and 100 per q~nt relative 
humidity in order to complete this study. 
Approved: 
Herschel H. Cudd, Director 
Engineering Experiment Station 
Respectfully submitted: 
~es L, o 1'ay~~r V 
Project. Director 
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TABLE I 
PHYSICAL PROPERTIES OF 'I'BE Cori'ONS 
SELECTED FOR AC:ftYLATIOif 
Pressley X-Ray 
Cotton Source Maturity Fineness Index Angle 
(Ne.OH) ~/in) (401') 
1. Indian J & J 93 7·3 4o85 34.98 
2 .. Sea Island 86 2.4 8 .. 66 31.36 
38 * * 3. Memphis 2 .. 5 7ol5 37-92 
4. Empire * * 34.05 T2 3o7 7.30 
Bale 92 
5· Stoneville 2B 79 3o9 7.4 
Bale 616654 
6. Bob Shaw aa*'~ * 8ol7 * 5ol 31-32 
8o * * 7. Stoneville 2B 3..,2 8.07 31.20 
Bale 249290 
8. Aeala. 1517 86 4o0 * 8.93 * 29.76 
9. S X p 86 8.9 8.30 
Bale 3109 
10 .. Lockett 140 * * 36.~8 92 5.6 7.51 
11. Pima. 32 84 2.8 10.5 29.28 
12. Hopi Acala. 50 95 4.6 8.6o 33.75 
13. Aeala ~-42 Greenville, '77 3o9 9.24 28.8 
Texas 
14. Ac$l.a 5675 Florence, 81-82 4.2 8.22 32.6 
s. c. 
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TABLE I (Continued} 
PHYSICAL PROl'ERTIES OF 1THE COTTONS 
SELECTED FOR AC:E:'I'YLATION 
Pressley X-Ra.y 
Cotton Source Maturity Fineness Index Angle 
(XaOH) (pFJ.fl/in) . (401)) 
16. Coker lOOW Weslaco, ~exas 77 4._5 6.96 33.6 
17. Coker lOOW Florence, 86 4.6 5-91 35-5 
s. c. 
18. Rowden 41B College 81 4.8 7-75 29.6 
Station, Texas 
19. Rowden 41B Greenville, 86-87 5o5 7-85 31.4 
Texas 
20. Rowden 41B F1orence, 85 5.8 6 .. 84 35·9 
s. c .. 
21. S X P 93 3.8 8.7 
Bale 3110 
22. Sea. Island St. 80 1.8 10.1 
Vincent 
23. Seabury Sea 75 3.1 33 .. 0 
Island 
24. Sealand 1 Florence, 81-82 3)~ 7-71 31.6 
47-295 s. c. 
25. Deltapine College '"(2 3 .. 4 8.18 30.8 
l4-43-35 Station, Texas 
* Measurements made at the Georgia Tech Text:lle Labor a tory; all other data 
furnished by Southern Regional Research L~'oratory. 
** Maturity determined by arealometer. 
-8-
Progress Report No. 6, P.r:-oj4~ct No o 208-156 
TABLE II 
RESULTS OF ACRrYLATING CCY.PTONS AT 64° F • 
.. FOR VARIOUS TIMES 
Per Cent Acety-l 
15 30 6o 90 120 
Cotton Minutes Minutes Minutes Minutes Minutes 
lo Indian J & J 8.57 10 .. 6 l7o0 21.8 23o8 
2. Sea Island 5 .. 30 8.02 15o5 21.3 23.0 
3o Memphis 10 .. 1 14.1 20o2 23o9 25.5 
4o Empire 5.28 8.,48 15.4 18 .. 5 22 .. 6 
Bale 92 
5o Stoneville 2B 4.30 7,.33 12 .. 9 17 .. 2 20.7 
Bale 616654 
6 .. Bob Shaw 3o79 6 .. 84 13.1 16.4 20.4 
1· Stoneville 2B 7.05 10 .. 5 l7o0 20.6 23.7 
Bale 249290 
8. Aca~a 1517 7.51 11.,5 18.0 22.0 25o4 
9· S X P 3o2l 6.49 llo8 l5o7 19 .. 8 
Bale 3109 
10. Lockett 140 3·91 6.65 12.0 16.5 20o9 
11. Pima 32 5ol2 9o98 l6o5 21.0 25.0 
12. Hopi Acala 50 6 .. 32 9o95 16.,9 21.1 25.3 
13. Acala 4-42 4.66 8o30 14o2 19 .. 6 23.2 
(Greenville, 
Texas) 
14. Acala 5675 5o86 10 .. 4 16 .. 4 21 .. 4 25.1 
(Florenee, So c.) 
15. Aeala 1517W · 5o78 !Oo6 16o7 22o6 24.8 
(Florence, So Ceo) 
(Continued) 
-9-
Progress Report No.6, P.r.ojtect _No. 208~156 
TABL"E II { Contin"tled) 
RESULTS OF ·Ac~ING C<11'TONS AT 64° F. 
FOR VARIOUS TIMES 
'Per Cent Acetll 
120 15 30 60 90 
Cotton Minutes Minutes Mi.nutes · Minutes Minutes ----· 
16. Coker lOOW 5 .. 08 8 .. 83 14 .. 5 20o6 24.4 
{Weslaco, Tex~s) 
17. Coker lOOW 4.97 8.88 13 .. 9 19.1 22.8 
(Florence, s. c.) 
18. Rowden 41B 4.47 8 .. 04 12.5 18.3 21.7 
{College Station,. 
'fexas) 
19. Rowden 41B 6.67 11 .. 8 17 .. 3 21.9 25.9 
. {Greenville, 
Texas) 
20. Rowden 41B 5·95 10 .. 9 16 .. 9 20.7 24.8 
(Florence, s. c.) 
21. S X p -· 4 .. 43 8 .. 38 17 .. 3 20 .. 2 21.4 
Bale 3110 
22. Sea Island St. 8.03 12 .. 5 21.4 24.2 27.5 
Vincent 
23. Se.abury Sea 6 .. 20 10o2 18 .. 6 20.8 24.8 
Island 
24. Sealand 1 7.11 12.4 20 .. 4 24.8 28.4. 
47-295 
25. Deltapine 4.92 9 .. 66 15 .. 4 21.6 25.5 
14-43-35 
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TABLE III 
ASH ANALYSIS FOR THREE VARI:ETIES OF CCY.I'rON 
Per Cent Ash 
Unscoured Scoured 
Empire Locket·t Empi:re Lockett 
Run No. Memphis Bale 92 140 Memphis Bale 92 140 
Run 1 0.87 0.90 0.96 0.24 Oo35 0.37 
Run 2 0.86 0.90 0.96 0.26 0 .. 37 0.37 
Average 0.87 0 .. 9() 0.96 0.25 0.36 0.37 
TABLE IV 
SPECTROGRAPHIC ANALYSIS FOR COI"i'ON ASH CONSTITUENTS 
Unseoured Scoured · 
»rip ire Lockett · Empire ·Lockett 
Element Memphis Bale 92 140 Memphis Bale 92 140 
* Calcium f f f s a s 
Strontium f f f 
Aluminum t w w w 
Potassium f w f+ 
Sodium f+ f f f f f 
Magnesi1m f- f+ f- f f- f+ 
Silicon w- Yl w- w w w 
Boron w w;.. w w- t w-
Phosphorus t 


















5 t-+--+hJL-------+-------------1------------ 1. I NOlAN J & J 
2. SEA ISLAND 
3. MEMPHIS 
4. EMPIRE {BALE 92) 
5. STONEVILLE 2B {BALE 616654) 
ACETYLATION TEMPERATURE 64 ° F 
0._--------------~--------------~----------30 60 90 120 
TIME {MINUTES) 
Figure 1. The Change in .Acetyl Content with Time of .Acetylation. 
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5 ------- 6. BOB SHAW 
7. STONEVILLE 2B (BALE 249290) 
8. ACALA 1517 
9. s X p (BALE 3109) 
10. LOCKETT 140 
ACETYLATION TEMPERATURE 64° F 
0 
30 60 90 120 
TIME (MINUTES) 



















5 t------~~------1-----------------+------------ 11. PIMA 32 
12. HOPI ACALA 50 
ACETYLATION TEMPERATL.RE 64° F 
0~ ______________ ._ ______________ ~--------------~--------------k-------------~ 
30 60 90 120 
TIME (MINUTES) 


















5 I-------I--T-------~------------+------------13. ACALA 4-42 (GREENVILLE, TEX.) 
14. ACALA 5675 (FLORENCE, S.C.) 
15. ACALA 1517W (FLORE,NCE, S.C.) 
ACETYLATION TEMPERATURE 64° F 
oL---------------~--------------~--------------~--------------~------------~ 30 60 90 120 
TIME (MINUTES) 
Figure 4. The Change in Acetyl Content with Time of Acetylation. 
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5 t----1'-fl.~---+---------+----------- 16. COKER 100W (WESLACO, TEX.) 
17. COKER JOOW (FLORENCE, S.C.) 
18. ROWDEN 41B (COLLEGE STATION, TEX.) 
19. ROWDEN 41B (GREENVILLE, TEX.) 
20. ROWDEN 41B (FLORENCE, S.C.) 
I I 
ACETYLATION TEMPERATURE 64° F 
0----------------~------------------------30 60 90 120 
TIME (MINUTES) 
Figure 5. The Change in .Acetyl Content with Time of .Acetylation. 
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5 21. s X p (BALE 3110) 
22. SEA ISLAND ST. VINCENT 
23. SEABURY SEA ISLAND 
24. SEALAND 1 47-295 (FLORENCE, S.C.) 
25. DELTAPINE 14-43-35 (COLLEGE STATION,TEX.) 
ACETYLATION TEMPERATLRE 64° F 
0 ._ ____________________________ , ________ ___ 
30 60 90 120 
TIME (MINUTES) 
Figure 6. The Change in Acetyl Content with Time of Acetylation. 
-1·7-
Progress Report No. 6, Froj ect No. 208-156 
1.0~--------r------r---------r------r-----r----,-~~-r--r-~---r----~----~ 
.9 t-------1-----+------+----+---r--t--- ~. ST,ONEJILL~ 2B csLE 2492Jo) -
.8 8. ACALA 1517 
9. s K p (BALE 3109) 
.7 t------t-----+------+----t----r--t--- ACETYLATION TEMPERATURE 64• F 1-----1 
.6t------t-----+------+----r----l--r--l---+-+-~--+--4---~ 
c, • 
;: .5 t----c:-07 ~;;:::--7 - --+--t:::-...---+--~-t--+--t--t--+--+---+---+-----1 
~~ .4t-----+-----+~~~~~c--r---r---~--+-~-+--+--4--+---4---~ 
~~ ~~ 
~~ . (~t- . 
~~ .3r-----r----r-----r---rr----.....-~ ~~-P-~~-1--+--~-+--+----+--~ 
~~ "'~~~ 
~"'<K c '--..()7 ~ 





.1----------~----~--------~------~---·----~~--~~~._--~ ____ ._ ____ ~ 












I I I I 
10. LOCKETT 140 
11 • PIMA 32 
12. HOPI ACALA 50 
ACETYLATION TEMPERATURE 64° F _ 
c,2 < ~ 
cu -...... 
~ ( ;:---- ~ 1 -...... -r--=:::::: F::::d ~ c 10 ( ~ 
~ 
r====-. N ~12 
~ 1:---- ~ ~ 12 ~ 10 " -r--N )!!... 
~ 10 
15 20 30 40 50 60 70 80 90 100 120 150 200 
TIME (MINUTES) 












Progress Report No. 6, Project No. 208-156 
~. IHtAHIJ & ~ 
2. SEA ISLAND 
3. MEMPHIS 
~ 











r---_ ...... '......... --..... 
~ ............ ~ ............ r---~ > 7 ............. ~ ~ ...__ N I'-..... --r-- t'-.......93 ....._ \j~ 





4. EJPIR~ (BLE 92) I I -
.8...._ ___ -+----t--------1---+----+---+--- 5. STONEVILLE 2B (BALE 616654) _ 
6. BOB SHAW 




~ E r----.. 
IX::;) C
4 >• ----~ wze:.:s 
~ : .3J-----Cs """"""~--+--------""'t"""'=:---t- ---+---+--+--+---+---+---+---+------4 
:u ~ c ~r--___ .);---...._ 






I ·'1~:oo----1:-l::s-----:2~o-----~3o~---..4o~-·-=s'=""o --:6':-0 -~7o~~ao~-:~:9o:--:"JI:-:oo~~,2~o---=J~so~-~2oo 
TIME (MINUTES) 
Figure 8. The Change in Rate of Acetylation with Time. 
-19-
Progress Report No. 6, Project No. 208-156 
1.0 
.9 I A~AL14.J (GREEINVILLE, 1TEX.l -13. 
. 8 14 . ACALA 5675 (FLORENCE, S.C.) 
15. ACALA 1517W (FLORENCE, S.C.) -















8 c1,c ~)13 c1.: 14 




10 15 20 30 40 50 60 70 80 90 1 00 120 150 200 
TIME (MINUTES) 
1.0 
.9 1-----+-----+-------lf------+-----1-- ~6. C~KER !oo)(WEJLACO, ~EX.) 
.8 1-----+-----+-------lf------+-----1-- 17. COKER 100W (FLORENCE, S.C.) _ 
18. ROWDEN 416 (COLLEGE STATION, TEX.) 





w"' uw .... 
Q::::l 
wz o..--2 






15 20 30 40 60 70 80 90 100 120 150 200 
TIME (MINU-rES) 


































Progress Report No. 6, Project No. 208-156 
r-- ~9. RhwDJN 411B (GREIENVILLE~ TEX.) -
r-- 20. ROWDEN 41B (FLORENCE, S.C.) -
21. S x P (BALE 3110) 





( )u --......_ 
~ ~ clO P--... )19 ( r--....... ~ ~ 
~ r---- --~~ ~ r---. ·~ ~ 
~( N ~ >2·-. I 
~~~ --N ~· ----<>~· 
15 20 30 40 so 60 7Q 80 90 100 12.0 150 200 
TIME (MINUTES) 
l 
SE11SLA1D ST! VIN~ENt 22. I 
23. SEABURY SEA ~LAND 
24. SE ALAND 1 47·295 (FLORENCE, S.C.) 
25 . DELTAPINE 14.43.35 (COLLEGE STATION, TEX.)_ 
c» ACETYLATION TEMPERATURE 64° F 
........... 
)23 ............... !'-......... c:u 
~ ~ en ~ ( ~ 
Cu ~ ~ ~ ~ ": 
)23 




~~ ~ 25 
.........._ 
N ~2· r---. ~ :::::::: ~ r--., r---..... ~ ~2, ~ ............... 5 .... 23 r-.....: 1"--..... )22. 2 • 
........... 
(h5 
15 20 30 40 50 60 70 80 90 100 120 150 200 
TIME (MINUTES) 








UNITED STATES DEPARTMENT OF AGRICULTURE REPORT TO 
AGRICULTURAL RESEARCH ADMINISTRATION SOUTHERN REGIONAL RESEARCH LABORATORY 
BUREAU OF AGRICULTURAL AND INDUSTRIAL CHEMISTRY NEW ORLEANS, LOUISIANA 
CONTRACT PROJECT Rl~PORT 
CONTRACTING ORGANIZATION PROJECT LEADERS 
Georgia Tech Research Institute James L. Taylor 
DEPARTMENT USDA DESIGNATED REPRESENTATIVE 
Research Charles F. Goldthwai t 
DIVISION CONT~:=tACT NUMBER INITIATION DATE 
Chemical Sciences A-1B-3346o March 20, 1952 
LOCALITY REPORT NllJMBER PERIOD COVERED 
i:jept. 20 -
Sev,en Dee. 20, 19,3 Atlanta., Georgia 
TYPE OF REPORT: PROGRESS <x> PHASE ( ) ANNUAL ( ) TERMINATION ( ) 
PROJECT TITLE: 
The. Partial Acetylation of Cotton 
ABSTRACT OF PROGRESS 
Several varieties of scoured and unsecured cotton were extracted with glacial 
acetic acid, benzene, ethyl alcohol, chloroform, hot water and 0.51o solution 
of ammonium oxalate. Even mild scouring removed measurable quanti ties of 
extractable materials such as pectins and gum.s. '.I'he largest amounts were 
removed from immature cottons. 
Six cot tori varieties were scoured with ( 1) bc,iling water ( 60 min. ) ~d ( 2) 
a solution of 20rfa NaOH, 21o synthetic soap anaL 4rfa trisodium phosphate (120 
min~ -at 255-o F); the cottons were acetylat.ed ( 30, 60 and 90 min. at 64° F); 
acetyl values were determined and-tabulated. Results show a definite in-
crease in acetylation reactivity for more mature scoured cottons. There is 
no practical difference in reactivity between cottons scoured with hot water 
and those scoured with strong alkali. 
X-ray diffraction patterns of three varieties of unsecured and scoured cot-
tons show that there is no apparent change in fiber structure corresponding 
to the large increase in acetylation reactivity of scoured samples. 
In order to determine maturity values, 22 cottons were differentially dyed 
with a mixture of a red dye and a green dye. For qualitative results the 
dyed samples were classified by color; irmnature cotton dyed green, mature 
dyed red.· A photovol t reflectometer was usE:d to measure the color of these 
dyed samples quantitatively. The colorimeter available was not sensitive 
enough to differentiate between samples relatively close in maturity. 
Arealometer measurements of 24 eottons also gave maturity values. 
The per cent moistures in samples condition•~d at 15, 35, 50 and 851o relative 
humidity (70° F) were redetermined. The ne1:..r values showed a somewhat (ap-
proximately lrfa) higher moisture content than the previous measurements. 
NOT FOR PUBLICATION 
' 
,, 
ENGINEERING EXPERIMENT STATION 
of the Georgia Institute of Technology 
Atlanta, Georgia. 
PROGRESS REPORT NO .. 7 
PROJECT NO o 208-1~;6 
PARTIAL ACETYLATION OF COTTON 
By 
JAMES Lo TAYLOR and ALTON Ro COLCORD, JRo 
- 0 - 0 - 0 - 0 -
CONTRACfi' NOo A-ls-33460 
THE UNITED STATES DEPARTMENT OF AGRICULTURE 
SOUTHERN REGIONAL RESEARCH LABORATORY 
- 0 - 0 - 0 - 0 -
DECEMBER 20, 1953 
Progress Report· J'o. 7, Project N(::>. 208.;,.156 
TABLE OF COBTENTS 
I. WORK PROGRAM • • • • 




A. Solvent Extraction of Cottons 
B. Effect of" Scouring on Acetylation of' Cotton 
1. Hot Water . . . . . 
2. Strong Alkali . . . . . 
c. X-Ray »iffraction . 0 0 . . . 
D. Differential Dyeings 0 . . . 
E. Arealometer Measurements . 
F. ~oisture Determinations . . . 
DISCUSSION OF RESULTS . 0 0 . . . . . . 
FUTURE PROGRAM 
APPENDIX 0 0 0 . 
This Report Contains 15 Pages 
-ii-




. . . . 
. . . . 
. 
. . . 
. . 
















Progress Report No o 7, Project N1:> o 208-156 
LIST OF TABLES 
~Page 
I o SOL VENT EXTRACT! ON OF SCOURED AND UN SCOURED CQTI'ONS • o o o o o o o 11 
II o WAX CONTENT DETERMINED BY ALCOHOL-CHLOROFORM EXTRACTION METHOD 11 
III o ACETYL AND MOISTURE CONTENTS OF SCOURED CO'l'TONS 
ACETYLATED AT 64° F o FOR VARIOUS LENGTHS OF' .TIME • • • • • • • 12 
IV. AREALOMETER MEASUREMENTS AND MATURITY VALUE:S 
FOR 'IWNTY-FOUR COTTONS USED FOR PARTIAL AC:ETYLATIOif EXPERIMENTS • 13 
V. QOMPARISON OF MOISTURE CONTENTS OF RAW COT'l~ON 
CONDITIONED AT VARIOUS PER , CENT RELATIVE HUMIDITIES • • • • • • • • 15 
-iii-
Progress Report No. 7, Project No. 208-156 
I. WORK PROGRAM 
During the past quarter the following work was completed. 
A. Several scoured and unsecured cottons w·ere extracted using as solvents 
glacial acetic acid, benzene, ethyl alcohol, chl.oroform, hot water and a solu-
tion of 0. 50 per cent ammonium oxalate. These e:ame cottons were also analyzed 
for per cent a-cellulose content. 
B. Additional studies of the effect of scc1uring on the rate and degree 
of acetylation were completed. The six cottons selected previously, Memphis, 
Empire, Bob Shaw, Stoneville 2B, Acala 1517, . ancl Lockett 14o, were scoured 
using only hot water for a very mild scour and n boiling solution containing 
20 per cent NaOH, 2 per cent Igepon T and 4 per cent Na
3
Po4 based on weight of 
the cottono After scouring, the cottons werE~ ac::etylated for 30, . 60 and 90 
minutes at 64° F. 
C. X-ray diffraction patterns were made o:f' samples of Memphis, Empire 
and Lockett 140 cottons before and after scouring. These three cottons were 
tested because of their wide variations in physical properties and rate of 
acetylation. 
D. Differential dyeings were made of 22 cottons previously used in acety-
lation experiments in an attempt to determine maturity by this method. 
E. Twenty-four of the cottons acetylated previously were tested with an 
u-ealometer and the A and D values, which are related to fiber fineness 
md maturity, were obtained. 
F. A recheck was made of the per cent moi.sture in samples of Memphis, 
mpire, Bob Shaw, Stoneville 2B, Acala 1517 ana. Lockett 140 cottons conditioned 
.t 15, 35, 50 and 85 per cent relative humidity at 70° F. 
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II. EXP:ImiMENTAL WORK 
A. Solvent Extraction of Cottons 
Three cottons (Memphis, Empire and Lockett 140) ha~"i.ng widely different 
properties and acetylation rates were selected for the determination of per 
cent extractables using as solvents chloroform, benzene, 95 per cent ethyl 
alcohol, distilled water, glacial acetic acid. ~Ld a 0. 50 per cent ammonium 
oxalate solution. 
Except for the ammonium oxalate extract:i.on,. duplicate samples of cotton 
were weighed accurately and placed in paper extraction thimbles; the thimbles 
were then enclosed in a Soxhlet extraction appru~atus. The solvent was added 
and refluxed for four hours. After the reflux J~eriod the solvent, containing 
the extracted material, was evaporated to dryne1;s. This weighed residue was 
then reported as per cent solvent-soluble mater:tal based on the dry weight of 
the cotton. The extractions with 0. 5 per cent l3JDIIlOnium oxalate solution were 
made by boiling duplicate samples of accurately weighed cotton for four hours 
in a reflux apparatus. The cottons were then washed, dried and reweighed, 
and the per cent of the materials removed by ·the ammonium 6xalate was calcu-
La ted from the difference in veight from the or:lgineJ. sample. Table I lists 
the various cottons and the per cent extract for the various '· solvents. 
The per cent wax in nine different unsecured cottons was also determined 
by a method involving extraction of the cotton in a Soxhlet apparatus with 95 
~er cent ethyl alcohol and then extracting the alcohol with chloroform. 1 The 
::hloroform containing the wax from the cotton l!ras evaporated and the per cent 
fax calculated. These results are presented in Table II. 
- Conrad, C. M., Ind. and Eng. Chem. 16, 745 (1944). 
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Determinations of a-cellulose content2 in Memphis, Empire and Lockett 140 
cottons were made by the following method: 
Approximately 3 gram~.of cotton of known moisture content were covered 
with 35 ml. of NaOH solution containing 17.5 ml. of C. P. NaOH per 100 grams 
of solution. A total of 40 ml. more of alkali ~'as added in 10-ml. portions 
over a period of ten minutes with occasional agltation. After 45 minutes, 75 
ml. of distilled water were mixed wlth the mass which was promptly filtered 
through a Gooch crucible and washed with 750 ml .. of distilled water. The mat 
in the crucible was soaked for 10 minutes in 10 per cent acetic acid to remove 
adsQrbed alkali and then washed free of acid with distilled water. The re-
maining material, which is a-cellulose, was dri•~d for six hours at 105° C. 
" The weight was determined and the per cent a-cellulose calculated from the 
original weight of the sample. The amounts of ~a-cellulose for the various 
cottons are shown in Table I. 
B. Effect of Scouring on Acetylation of Cotton 
To present a more complete picture of .. the' effect of scouring cotton on 
rate and degree of acetylation, six. cottons which have been used in previous 
scouring studies were scoured by the following methods. 
1. Hot Water 
Seventy-five grams ~f each cotton were placed in a one-pound-package-
~yeing machine; water was added, heated to the boil and circulated at the boil 
f'or 60 minutes. The cotton was then removed, E~xtracted, dried and conditioned 
3.t 65 per cent relative humidity at 70° F. prior to presoaking for acetylation. 
5 - - - -
Ott, Emil (Editor), High Polymers, Volume 5, Cellulose and Cellulose 
Derivatives. Interscience Publishers, Inc., New York, 1946, p. 130. 
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2. Strong Alkali 
Seventy-five grams of each cotton were· scoured in a 22:1 bath of 20 
per cent NaOH, 2 per cent Igepon T and 4 per cent Na
3
Po4 based on weight of the 
cotton. This scour was carried out under press~~e and at approximately 255° F. 
for 120 minutes. After scouring, the cotton wae: washed in hot and then in cold 
'Vater for approximately 30 minutes; then it was removed, extracted, dried and 
conditioned at 65 per cent relative humidity at 70° F. prior to acetylation. 
The scoured and conditioned cottons were presoaked in glacial aqetic acid 
and acetylated at 64° F. for 30, 60 and 90 minutes, respectively, using the 
procedure described in Progress Report No. 4 .. 
Analyses were made on all of the acetylateci cottons to determine per c·ent 
moisture and .per cent acetyl. The results of these determinations are presented 
in Table III. 
C. X-ray Diffraction 
The three cottons, Memphis, Empire and Lockett 140, selected for solvent 
extraction were also studied with a flat-plate :x-ray diffraction camera. A 
copper anode was used and the x-ray machine was operated at 4o kilovolts and 
20 milliamperes. The collimation was provided by two pinholes, the second 
being 0.025 inch in diameter. A bundle of the cotton fibers about two milli-
neters in diameter was placed over the second pinhole. The photographic plate 
~as placed approximately five centimeters from the specimen. This experimental 
irrangement was used for all samples. The ex}J~osure time for each sample was 
lpproximately two hours, and identical developing procedures were used. 
>. Differential Dyeings 
Approximately three grams each of twenty-two cottons remaining from the 
•rigina.J. twenty-five used in the study of acetylation reactions were 
-4-
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differentially dyed3 with D~phenyl Fast Red 5 :BL Supra I (Geigy) and Chloran-
tine Fast Green BLL (Ciba). 
The weighed cotton was placed in a boiling 40~1 bat~ containing 1.2 per 
cent red dye and 2.8 per cent green dye calculated from the weight of the 
sample. After 15 minutes at the boil, the cotton was removed and 2.5 per cent 
of its weight of C. P. NaCl was added. The cotton was re-entered and boiled 
for another 15 minutesJ then it wa.s removed. and another 2. 5 per cent NaCl was 
added; the fibers were replaced and boiled for a total of 45 minutes. The 
sample was then washed in two changes of cold distilled water in proportion of 
50 parts to 1 of cotton. The cotton was held in boiling water, for exactly 30 
seconds with agitation, removed and pressed to remove the water. In order to 
compare colors, the dyed samples were ground :Ln a Wiley mill; after this the 
resulting powder was dispersed in a 40~1 volmne of a one per cent sodium 
carboxy-methyl cellulose solution and_ filterecl through a Gooch crucible. The 
resulting pad was dried and mounted on white ~cardboard for comparison. 
E. Arealometer Measurements 
Through the cooperation of the Fiber Research Laboratory of the University 
of Tennessee, arealometer measurements were made on 24 of the 25 cottons used 
in acetylation experiments and reported in progress Report No. 6. These 24 
cottons represented all the samples available. 
The arealometer is a null-air-flow instr·ument designed to measure a fine-
ness characteristic called specific area. Specific area, A, is defined as the 
external area per unit volume of fiber and. is a measure of the fineness of the 
fiber under normal compression. The increase~, D, of the apparent specific 
-
3 Goldthwait, C. F., Smith, H. 0., Barnett, lL P., Textile World 97, 105 
{July' 194 7) 0 
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area, at a much higher compression is a measure~ of the immaturity of the fiber 
being tested. The A and D values for the cottons tested are presented in Table 
IV. 
F. Moisture Determinations 
Since there was some question as to the aj::curaey of the moisture determi-
4 nations made using the Brabender moisture tt~st,er and reported previously, it 
was thought advisable to recheck the moisture "by a more exact method. The six 
cottons used previously to study the effect of moisture conditioning on rate 
and degree of acetylation were conditioned approximately 100 hours over H2so4 
solutions adjusted to give 15, 35, 50 and 85 per cent relative humidity at 70° 
F. The moistures were determined ·by carefully and quickly weighing approximately 
one gram of cotton in a tared weighing bottle. The unstoppered bottle with 
cotton was then dried approximately three hours at 220° F., the top was replaced 
and the sample placed in a desiccator. After cooling, the sample and bottle 
. were reweighed and the moisture calculated. The results of the moisture dete~ 
minations are found in Table V. 
III. DISCUSSION O:F RESULTS 
An analysis of the data from the solvent extraction experiments (Table I) 
shows that scouring removes a measurable amount of the extractable materials. 
It should also be noted that the per cent of these solvent extractables is, in 
general, greater for the less mature cotton samples than for the mature. How-
ever, there appears to be little evidence of any drastic difference in the 
scoured and unsecured cotton which would indicate or explain the greatly in-
creased reactivity of the scoured cottons towa.rds acetylation. 
4- ;l~;in-, S. W., A Study of the Effects of Sc:otiring and Moisture Condition on 
the Rate and Degree of Partial Acetylation.of Several Varieties of Cotton 
Fibers. M. S. Thesis,· Georgia Institute of Technology, 1953, p. 45~ 
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Since it was noted that scouring cotton s1:unples prior to acetylation 
greatly increased the rate and degree of acetylation, it was thought that an 
x-ray diffraction picture might show whether tl~is increase in reactivity could 
be related to easily observable changes in the crystal structure of the cottons. 
Careful examination of the resulting x-ray :f'ilJ:ns for scoured and unsecured 
samples of the same cotton shows no obs·ervalole change in structure. Although 
this eliminates the possibility of any major structural change in the cellu-
lose fiber, it does not eliminate the possibility that some minor change may 
have occurred which was not revealed by the x-ray diffraction method used. 
The additional scouring experiments, in g·eneral, show the same results 
as previous studies, namely, any scouring a~~tion greatly increases the re-
activity of the mature cottons but has very little effect on the rate of acetyl-
ation of the immature cottons test.edo 
It should also be noted that there is practically no difference in rates 
of acetylation between the _cottons scoured with the strong alkaline solution 
and those scoured at the boil in water. This is important since a water scour 
could provide an inexpensive method of obtaining cotton of approximately equal: 
reactivity for partial acetylation on a · comnercial scaleo 
The technique of direct dyeing with the combination of two dyes, as de-
scribed in the experimental work section of this report, differentiates be-
tween mature and immature fiberso The terms "mature" and ni:mmature fibers" 
refer to thick-walled and thin-walled fibers, respectivelyo The immature 
fibers dye the green while the mature fiber dye red, using the dyes selectedo 
Therefore, any mixture of mature and immature fibers should have a correspond-
ing color value as a result of a red and green mixture. 
-7-
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The dyed cottons have been arranged by Vil:;ual inspection in order of color 
from green to red, but attempts to obtain quan·t:;itative differences between dyed 
cottons were unsuccessful when test~d with a p1lotovolt reflectometer. 
The · arealometer method for determining maturity values for cotton fibers 
is based on the theory that the immature fiberl3 are collapsed and, therefore, 
when compressed, tend to twist so that the broad sides are perpendicular to the 
air flow. 6 This tendency is measured by an in1~rease in the apparent specific 
area or aD value. The iiDlDB:turity value was calculated using the following 
experimental relation~ 
I (Immaturity) = -vtL07 D + 1, 
and the per cent maturity was calculated by : 
M (Maturity) :::; 150.5 - 38.1 I. 
Table IV shows the values for A and D which ar1~ measured in mm. 2/nnn. 3 and the 
calculated ninnnaturi ty ratio" I, as well as th1e per cent maturity values 
measured by the NaOH and arealometer methods. The maturity values of both 
methods presented in this table will be use(i later in correlation studies. 
The moisture rechecks for cotton conditioned at various per cent relative 
humidities posed the problems of the length of time necessary to ensure com-
plete moisture equilibrium and the transfer and. initial weighing of the sample 
without either loss or gain in moisture. The Jmethod using weighing bottles 
was checked against the Brabender method, &ld the results indicate that the 
weighing-bottle method is more accurate for analytical work. The results of 
these moisture determinations are shown in Ta'ble V. 
-6 Hertel, K. L., and Craven, C. J . , Textile Research Journal 21, 765 (1951). 
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During the next quarter the experimental ,;ork will be consolidated. The 
work will also include the preparation of a final report. 
Approved~ 
Herschel H.- C~d~, Directo~ 
Engineering Experiment Station 
Respectfully submitted: 
~ea L. Taylor . Q 
Project Director 
Alton R. Colcord, Jr. 
Research Assistant 
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TABLE I 
SOLVENT EXTRACTION OF SCOURED* .AN.D UNSCOURED COTTONS 
Per Cent Extract Using 
Ammonium 
Distilled Glacial Chloro- Ethyl Oxalate 
Cotton a-Cellulose H20 Acetic form Benzene Alcohol Solution 
('Per Cent) ---
Unsecured: 
Memphis 95.3 2.65 6.10 0.93 1.00 2.20 4.50 
Empire 97.05 2.40 5.30 0.51 0.63 1.40 :;.so 
Bale 92 
Lockett 140 97.35 2.20 5.10 0.37 0 . 50 1.20 3.80 
Scoured~ 
Memphis 98.55 1.50 2.75 0.80 0.84 1.05 0.74 
Empire 99.00 1.20 2.05 0.38 0.43 0.71 0.48 
Bale 92 
Lockett 140 99.25 1.10 1.85 0.31 0.35 0.52 0.41 
* Scoured with a boiling solution of' 1 per cent nu:Po·nal RA and 1. 5 per cent 
tetrasodium pyrophosphate {percentages based on weight of cotton). 
TABLE II 
WAX CONTENT DETERMINED BY ALCOHOL-CHLOROFORM EXTRACTION METHOD 
Per Cent Per Cent 
Cotton Wax Cotton Wax ----
Memphis 1.4o Coker lOOW 0.64 
Empire 0.77 
(Westlaco, Texas) 
Bale 92 Coker lOOW 0.56 
Lockett 140 0.56 {Florence, s. c.) 
Acala 4-42 0.61 Sea Island St. 1.00 
{Greenville, Texas) Vincent 
Acala 5675 0.57 
Sealand 1 0.67 
(Florence, s. c 0) 
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TABLE III 
ACETYL AND MOISTURE CONTENTS* OF SCOURED COTTONS 
ACETYLATED AT 64 o F. FOR V ARI01JS LENGTHS OF TIME 
30 Minutes 60 Minutes 90 Minutes 
P'er Cent Per Cent Per Ctent Per Cent Per Cent Per Cent 
Cotton H20 Acetyl H20 Acetyl H20 Acetyl ---
Hot Water Scour: 
Memphis 4.1 16.2 3.5 21.8 ·3.6 23.9 
Empire Bale_92 4.1 14.2 3.4 19.4 3.4 22.7 
Bob Shaw 4.2 14.1 3.4 19.0 3.3 21.8 
Stoneville 2B 4.1 14.4 ).4 20.0 3.5 22.2 
Bale 249290 
Acala 1517 4.1 15.0 :5.4 20.6 3.4 22.9 
Lockett 140 4.2 13.6 ).6 19.0 3.4 21.8 
Strong Alkali Scour: 
Memphis 3.7 16.4 ) .1 19.7 3.3 23.7 
Empire Bale 92 3.9 15.1 '3.2 20.0 3.1 21.5 
Bob Shaw 3.8 13.9 3.2 19.0 3.2 20.9 
Stoneville 2B 3.8 14.9 3.2 19.6 3 .. 1 22.1 
Bale 249290 
Acala 1517 3.4 15.8 3.3 20.6 3.1 22.4 
Lockett 140 4.0 14.7 3.3 19.5 3.3 22.6 
* Moisture content was determined after conditioning the samples at 70° F. and 
65 per cent relative humidity. 
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TABLE IV 
AREALOMETER MEASUREMENTS AND MATURITY VALUES 
FOR TWENTY-FOUR CO'rl'ONS USED FOR PARTIAL ACETYLATION EXPERIMENTS 
Cotton A D I Maturity1 Maturity 2 
2 3 (mm./mm.) 
--""2~~ 
(mm./mm~,) (Per Cent) (Per cent) 
Empire ' Bale 92 502 42 1.985 72 75 
Sea Island 587 40 1.949 86 76 
Indian J & J 418 31 1'. 780 93 83 
S x P Bale 3109 514 19 1.526 86 92 
Hopi Acala 50 415 10 1.304 95 101 
Pima 32 559 31 1.780 84 83 
Memphis 38 
Lockett 140 510 41 1.967 92 76 
Coker lOOW 422 24 1.637 86 88 
(Florence, S. c 0) 
Acala 5675 444 28 1.720 82 85 
{Florence, S. c.) 
Delt.apine 513 38 1.913 72 78 
Acala 1517 468 27 1. 700 86 86 
Stoneville 2B 505 3B 1.913 80 78 
Bale 249290 
Bob Shaw 396 20 1.549 92 
Stoneville 2B 483 3'-) 1.857 79 80 
Bale 616654 
Sealand 1 498 30 1.761 82 83 
Rowden 41B 357 2') ,_ 1.594 85 90 
(Florence, S. Co) 
Coker lOOW 457 2'7 1.700 77 86 
{Westlaco, Texas) 
Rowden 41B 4;8 29 1.740 81 84 
{College Station, Texas) 
Acala 4-42 482 28 1.720 77 85 
(Greenville, Texas) 
s·x P Bale 3110 489 20 1.549 86 92 
{Continued) 
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T.Al3LE IV (Continued) 
AREALOMETER MEASUREMENTS AND MATURITY VALUES 
FOR TWENTY-FOUR CO'Pl'ONS USED FOR PARTIJ!~ ACETYLATION EXPERIMENTS 
Cotton A D I Maturity1 Maturity2 
2 3 (mm./mm.) 
--2-~r-
(mm. /mm ... ) (Per Cent) {Per Cent) 
Sea.Island St. 636 53 2ol70 8o 68 
Vincent 
Rowden 41B 396 22 lo549 87 90 
(Greenville, Texas) 
Acala 1517W 462 21 lo572 85 91 
(Florence, So Co) 
1 Maturity values determined by NaOH method. 
2 . Maturity values determined by arealometero 
-14-
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TABLE V 
COMPARISON OF MOISTURE CO~~TS OF RAW·COTTON 
CONDITIONED AT VARIOUS PER CENT RELATIVE HUMIDITIES 
Per Ce~nt Moisture at 
15 35 50 85 
Per Cent Per Cent Per Cent Per Cent 
Relative Relative Relative Relative 
Humidity Humidity Humidity Humidity 
Cotton Old New Old Te;w- Old New. Old New 
Memphis 4.1 4.71 4.2 5.69 5.0 5.89 5.8 10.06 
Empire Bale 92 3.7 4.57 4.2 5.71 5.1 6.08 5.8 10.13 
Bob Shaw 3.5 4.19 4.1 5 .. 32 5.0 6.35 5.4 9.8o 
Stoneville 2B 4.2 4.54 4.3 5 .. 48 5-3 6.07 5.9 9.09 
Bale 249290 
Acala 1517 4.1 3.42 4.3 5 .. 14 5.3 6.31 6.0 9.45 
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Io INT.RODUC~~ -
Previous work at-the Southern Regional Research La.boratory1 has re-
vealed that cotton fibers can be ehemically modified to improve their resis-
tance to microbiologi~al rotting, mildewing and heat degradationo Partially· 
acetylated cotton is an example of such a n~dificationo However, various 
cottons differ in their response to acetyla.t~on, i oe 0' they have dif'f'~rent 
rates of acetylationo At present, there are no known tests, other than deter-
mination of acetyl content, for determining differences in the extent of acety-
lation for various ~ottonso Qualitatively, it has been found that the degree 
of maturity of ~otton fibers has an ef:fe~t on the acetylation characteristics; 
however, this is undoubtedly not the entire answero Other characteristics\ of' 
~otton in its natural state, as well as in its preparation for acetylation, 
may influence the rea~tion rateo Some of these properties are listed here: 
lo Cotton variety 
2 0 Area of growth 
3o Fiber maturity 
40 Fiber fineness 
5o Fiber strength 
60 Per ~ent ~rystalline cellulose 
7o X=ray angle ~~rystallite orientation) 
Bo Alcohol=soluble ~ontent 
9 o Wax -content 
lOo Ash ~onstituents 
llo Moisture content 
~~o;e;, =Albert S 0 , Voo:r-hie s, Samuel T 0 , Jr 0 } Buras, _Edmund Mo. , Jr o,. .and 
Goldtb.wa.it, Charles F., ~'Partial Metylation of (Cottony 01 Textile In-
dustries 1169 No o 1, 97 (1952)o 
=1= 
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Since very little investigation had been coJlducted on the relationship of the 
previously mentioned variables and the rate and degre~ of acetylation of cotton 
fibe·;r-sjl a. researc:h program was set up at the Engineering Experiment Station at 
Georgia Institute of Technology under thE~ sponsorship of the UoSoD.Ao through 
the SaRoRoLo in New Orleanso 
By mutual agreement, 25 cottons whic~h represent wide differences in varie-
ty, area of growth, ch~mical a.nd physical properties were selected. All of 
these cottons were a~etylated at a constant temperature for varying lengths of 
time, ranging from 15 to 120 minutes 0 Addi iGional acetylation studies were 
made to determine the effects of moisture ... ~ontent, alkali-soluble, water-
solublejl al~ohol=soluble and acetic;=a~idmsoJLuble constituentso Studies were 
also made to ascertain the effe~ts of ten~erature and time of presoaking of 
the various cottons prior to a~etylationo l~inallyjl statistical analyses of 
the acetylation data were madeo 
These data will be presented in the se(~tion on experimental results and 
statisti~al analyseso 
II o EXPERIMENTAl~ WORK 
Ao Materials 
As mentioned above, 25 different cc;ot.tons were selected for experimenta-
tion o This was an arbitrary number and b.ad no pa.rti~ular significance to the 
problem other than an attempt to study as mamy types of ~ottons as possible in 
the time alloted for the investigation 0 The~ ~ottons represented differences 
~n maturityjl fiber fineness~ variety, ~rysts.llite orientation, strength and 
area of growth 0 Ea~h ©otton was. me~ha.ni~ally cleaned and blended by a Shirley 
Analyzer prior to acetylation treatments, thus eliminating variations due to 
=2= 
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nonuniformity of sampleo A list of the cottons used and their properties are 
given in Table Io 
Bo Acetylating Equipment 
A Morton one=pound=package-dyeing machine was modified to handle raw-stock 
l 
I 
fiberso After trial acetylations, it was concluded that cooling by means of 
circulating ice water around the acetylating chamber of the machine was in·-
sufficient to maintain a constant acetylation temperature throughout the acety-
la.ting solutiono Thus it became necessary to change the circulating system to 
permit the a~etylating mixture to be ~ooled by passing it through a series of 
stainless=steel coils mounted in a tank filled with ice watero Details of 
this equipment may be seen in Figures 1 and 2o 
Co Methods of Analyses 
lo A~etyl Conten~ 
Duplicate loO-to lo5~ samples were selected from the samples of 
acetylated cotton which had been conditioned at 65 per Cl~mt relative humidity and 
70° F, and these samples were ground in a Wiley Mill 0 The samples were then 
transferred into tared 250=milliliter Erlenmeyer flasks, and the gross weights 
ac~urately determined on an analytical balan~eo The exact net weights of the 
ground samples were then calculated and converted into dry weights using the 
per cent moisture figures obtained for ea~h sampleo Fifty milliliters of 75 
per cent methyl al~ohol were then added to each flask, &ld the flasks with 
stoppers loosely inserted were heated for 15 to 20 minut•es at 14o F o To each 
flask fifty milliliters of an approximately Oo5 normal sodium hyAroxide solution 
were then added, after which the :flasks were heated again at 140 F for one hour o 
The flasks were then tightly stoppered, and the samples were allowed to sa= 






























Figure 2. Top View of the Acetylation Machine. 
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washed down with distilled water, and two or three drops of phenolphthalein 
were added for use as an indica·tor in ti "tra"tion 0 Standardized approximately 
Oo5 no~ hydrochloric acid solution was used for the titrations. Two blanks 
of unacetylated cotton were included with e1ach set of samples and were treated 
in the same manner as the other sampleso T~ determinations for acetyl content 
were made for each sample of acetylated t:ot·ton, and the average value was ac-
cepted if the two determinations were wi thi:n 0 0 5 per cent of each other. The 
acetyl content was calculated using the :E'ol.lowing formula: 
Per cent acetyl = (a .... b) :IC N x o:04302 x 100 
d 
where 
a = Volume of HCl in milliliters required to titrate the blank, 
b ~ Volume of HCl required to titrate the sample, 
N ~ Normality o:f HCl soluti-on, 
d ~ Dry weight of' the sample in grams, and 
Oo04302 ~ Milliequiyalent weight of the acetyl groupo 
2o Moisture Content 
The per cent moisture 6f each variety of cotton before and a~ter 
acetylation was determined at standard C1:>ndi tiona 0 
3 o Fiber Strength 
Selected samples of raw cotton and acetylated cottons were tested at 
standard conditions for strength index according to the method described in 
AoSoToM. Standards on textile materials D 414=49To The Pressley cotton fiber-
strength tester was used in making these determinationso 
4o Fiber Fineness 
The fiber fineness of ea~h sam:ple of raw cotton was determined at 
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standard conditions prior to treatment by means of the Sheffield Mi~ronaire, 
and in accordance with the procedure rect:>:mmended by the manufacturer of the 
instrument. 
Fiber fineness was also determined f'ro:m arealometer data furnished by 
the Fiber Research Laboratory of the Uni-v-ersity of Tennessee. 
5o Ma. turi ty 
The per cent maturity values of each variety of raw cotton was 
determined by swelling the samples in 18 per cent sodium hydroxide solution 
according to the method described in AoS.To:M. D~414-49T. These values were 
furnished by the Southern Regional Research Laboratoryo Per cent maturity 
was also calculated from the arealometer data furnished by Fiber Research 
Laboratory, University of Tennessee. 
60 Crystallite Orientation 
The crystallite orientation data as measured by x-ray angle of each 
variety of raw cotton was also furnished by the Southern Regional Research Lab-
oratory. 
1. Evenness of Acetylation 
Two- to three=gr~ samples of ,each acetylated cotton were dyed with 
a solution containing 4 per cent Chloratine Fast Blue 3 RLL, 4 per cent 
Celli ton Fast Yellow RRA . and 5 per cent Triton x ... lOQ, a wetting agent, eal-
eulated on the weight of the sampleso The liquor ratio of the dye bath was 
70~1. Arter dyeing for 30 minutes, 50 per cent anhydrous sodium sulfate based 
on the total sample weight was added, and dyeing was continued for another 30 
minutes. The dyed samples were then washed. well with cold water and dried in 
the hot=air ... circulating oven. Since the yellow dye is an acetate dye which 
will not stain cotton, and the blue dye is a direct cotton dye which will not 
~7= 
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stain cellulose acetate, the well aeetyl2a.te'd portions of the fiber dye to a 
full shade of yellow and the unacetylated portions, if any, dye blueo Portions 
acetylated to an intermediate degree may ap:pear to be green. The depth of 
shade indicates visually the degree of at:etylation. However, the primary 
function of the dye test in this investigation was to indicate the evenness 
of acetylationo 
8o Solvent Extraction 
Several selected cottons were extracted using as solvents, ehloro-
form, benzene, 95 per cent ethyl alcohol, distilled water, glacial acetic acid 
and 0. 50 per cent ammonium oxalate solut:iono 
Except for the ammonium oxalate extraction, duplicate samples of cotton 
were weighed accurately and placed in paper extration thimbles; the thimbles 
were then enclosed in a Soxhlet extraction apparatuso The solvent was added 
and refluxed for four hourso After the :refluxing period, the solvent contain- · 
ing the extracted material was evaporated to dryness. This weighed residue 
was then ~eported as per cent sol~ent-soluble material based on the dry weight 
of the eottono The extraction~ with 0.5 per cent ammonium oxalate solution 
were made by boiling duplicate samples of accurately weighed cotton for four 
hours in a reflux apparatuso The cottons were then washed, dried and reweighed, 
and the per cent of the materials removed by the ammonium oxalate was ealcula-
ted from the difference in weight from tlle original sample. 
The per cent wax in nine different unsecured cottons was also determined 
by a method involving extraction of the cotton in a Soxhlet apparatus with 95 
per cent ethyl alcohol and then extracti:ng the alcohol with chloroform. 2 
2 - - - -
Conrad, CoMo, Indo and Eng o Chemo 16, 745 (1944)o 
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The chloroform containing the wax from the cotton was evaporated and the per 
cent wax calculated. 
9o Other Special Analyses 
Three cottons differing widely in maturity, fineness and wax content 
were selected for a-cellulose content, ash a.nalys.es and wax content as well as 
x-ray diffraction . 
ao a-Celluloseo Determinations of a-cellulose content in Memphis, 
Empire and Lockett 14o cottons ·were made by the following method: 
Approximately 3 grams of cotton of known moisture content were covered 
with 35 mlo of NaOH solution containing 17.5 grams of C. P. NaOH per 100 grams 
of solution. Over a period of ten minutes a total of 4o additional ml. of 
alkali in lO~ml. portions was added with occasional agitation. After 45 min-
utes, 75 ml. of distilled water were mixed with the mass which was filtered 
through a Gooch crucible and washed with 750 ml. of distilled water. The mat 
in the crucible was soaked for 10 minutes in 10 per cent acetic acid to re-
move adsorbed alkali and then washed free o~ acid with distilled water. The 
remaining material, which was a-cellulose, was dried for six hours at 105° C. 
The weight was determined and the per cent a-cellulose calculated from the 
original weight of the sample. 
b. Ash Analysis. For the determi.nation of ash content an approxi-
mately 10-gram sample of each cotton w~s ac:curately weighed in a. platinum 
cruei ble. The crucible and cotton were the~n placed in a nruffle furnace and 
ashed. at approximately 650c Co After coollng in a desiccator, the sample was 
weighed and the per cent ash calculated. 
The ash from duplicate samples was then combined, and the constituents 
were determined by spectrographic analysis. 
-9-
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Co X-ray Diffraqtiono The three cottons, Memphis, Empire and 
Lockett 140, were studied with a flat-platE! x-ray diffraction camera. A 
copper anode was used and the x~ray machinE! was operated at 40 ~ilovolts 
and 20 milliampereso The collimation was :provided by two pinholes, the 
second being Oo025 inch in dia.metero A bundle of the cotton fibers about 
two millimeters in diameter was placed over the second pinhole. The photo-
graphic plate was placed approximately fivE! centimeters from the specimen. 
This experimental arrangement was used for all sampleso The exposure time 
for each sample was approxima~ely two hourf;, and identical developing 
procedures were usedo 
Do A~etylatk>n,, Studies 
In order to determin~ the ra~e and degree of ac~tylation of raw cotton 
for comparison with the physical and chemic~al data obtained as mentioned 
previously, the 25 selected cottons were ac~etylated for 15, 30, 60, 90 and 
120 minutes respectively at 64° F 0 
To demonstrate the effect of scouring on the rate and degree of acety-
lation, 6 of the 25 cottons representing a wide range of properties were 
scoured by six different method tL Th.esf~ m~~thods are~ 
Method I 
Cottons treated with belling water 
for 60 minutE~s. 
Dried at 105<• Co 
-10~ 
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Method II 
Cottons treated with a solution containing 
1.0 per cent Dupono1 RA 
1. 5 per cent tetrasoQ.ium J:'yrophosphate 
for ;o minutes at the boil. 
Rinsed in warm water and axied at 105° C. 
Method III 
Cottons treated with a solution containing 
2.0 per cent sodium hydro~:ide 
1.0 per cent Merpo1 C 
0.5 per ~ent Dupono1 RA 
0.5 per cent tetrasodium :pyrophosphate 
for 6o minutes at the boil. 
Rinsed in warm water and alried at 105° C. 
Method IV 
Cottons treated with a solution containing 
;.o per cent sodium hyd.roJ:ide 
0.1 per cent Triton X-1.00 
o.; per cent tetrasodium :pyrophosphate 
for 60 minutes at the boil. 
Rinsed in warm water and dried at 105° C. 
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Method V 
Cottons treated with a solution containing 
5o 0 per cent sodium hydroJ!:ide 
2o0 per cent soap {neutral oleate) 
for·90 minutes at the boilo 
Rinsed and dried at 105° Co 
Method VI 
Cottons treated in a solution containing 
20 per cent Na.OH 
2o0 per cent Igepon T 
4oO per ~ent Trisodium Phosphate 
for 120 minutes at 225° Fe 
Rinsed in warm water and clried at 105° C 0 
All percentages are based on the we!ight of the cottono 
Each of the scoured cottons were aeetylated for ;o, 6o, 90 minute 
periods at 64° Fo Data for the acetylation of scoured and unsecured cottons 
are shown in Table Ilo 
The same six ~ottons selected for e:cotn-ing studies were conditioned at 
15, 35, 50, 65 and 85 per cent relative hm1idity and then acetylated for ;o, 
60 ~d 90 minuteso These acetylations were performed to show the effect of 
moisture content of the fiber on the rate ~md degree of acetylation. In order 
to produce the desired relative humidit1.esJ, standard ten-inch desiccators con-
taining various sulfuri~ a~idcoowater solutiohs were used as conditioning con~ 
tainerso Six 20=gram samples of cotton were eonditioned at one time in each 
desi~~ator, eaeh sample representing one oj~ the varieties of cotton chosen 
=l2 a> 
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for the studyo In order to facilitate rap:td transfer of the samples from 
the humidifying chamber to the presoaking 4~ontainer, thus avoiding an 
appreciable change in the moisture content of the conditioned cottons during 
transfer, the samples were arranged in hor:lzontal layers around a vertical 
wooden spindle with ~ircular stainless=t>te4~l screens used to separate the 
layers o The ~otton samples were then pla~4~d in the humidifying chamber 
and allowed to ~Condition for a minimum of :~4 hours to assure that moisture 
equilibrium was rea~hedo 
Tb determine the eff'e~t of the presow(ing time and presoaking temper-
ature on the degree of acetylation, six va:rieties of cotton namely, Memphis, 
Empire, Bob Shaw, Stoneville 2B (Bale 21~9290), Acala 1517 and Lockett 140, 
were presoaked for 10, 30, 60, 120 and ~~4o minutes at 70@, 100°, 130°' and 
170° F and then acetylated for 45 minut~~s at 64° F 0 
Additional studies were made on th~! same six cottons to show the 
effect of aeetylation temperature on degre4~ of acetyla.tiono The temperatures 
used were 58@, 64c:; 101Gi, 76~ and 82° F :res]pectivelyo All acetylations were 
carried out for 45 minuteJ; after presoaking the samples at room temperature 
for 18 hourso 
III o EXPERIMENTAL RESULTS AND DISCUSSION 
Ao The Effects of Chemical and PhyaiccaJ. Properties on the Acetylation of 
Raw Cotton 
Table I shows a wide variation in a.~etyl ~ontent for the raw cottons 
studiedo There was little ~orrelation bet'ireen the acetyl values and the 
physical and ~hemi~a.l properties of the fiberso This is not true for six 
selected rcottons o For example, in compa.ring the rates or degrees of 
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acetylation of Memphis, Empire, Bob Sha.ir, Stoneville 2B (Bale 249290)-P Aeala 
1517 and Lockett 14o with their values of J:aa.turity and fiber fineness, there 
seems to be an obvious relation . betwee~ per cent maturity and degree of acety-
lationo . Also from comparisons of the per <~ent wax and acetyl content of the 
nine cottons for which wax values were dett!~rmined, it appears that cottons 
with a high wax conten~ ... aeetylate more readily and to a greater extent than 
eottons with less waxo 
The fact that the C:C)mparison of the a.c~etyl content with the phys:;tcal and 
chemical properties for the 25 cottons sho\red no observable relations)lip in-
dicates that the six cottons selected are ltrobably not representative of the 
entire groupQ From the s~tistical data. o"btained from the 25 cottons it may 
be concluded that there is no obvious relationship between rate or degree of 
ace.tylation and physical properties measur~!do However, there seems to be 
some relation between content wax and the rate or degrees of acetylation of 
raw cotton, which are also somewhat rela.tea~ to the maturity of the cotton 
fibers a 
Bo The Effect of Scouring on the Rate and Degree of Acetylation 
The results of the acetylations of su: cottons scoured by six progres-
sively severe scours are presented in Table· II 0 It is noted that after 
scouring, the degree of acetylation for the ~ottons of high reactivity in-
creases only slightly while the a~etyl content of low reactivity cottons 
increases to a much greater extento The net result is that any scour tends 
to minimize the difference in reactivity am.ong these cottonso 
The rate of acetylation for the cottons increases slightly from Scour I 
through Scour V as the severity of the s©our is in~reasedo An exception is 
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noted in the results of Scour VI which is ·~he most · severe but gives the least 
increase in reaetivity of all the scourso It may be that scouring under pres-
sure is responsible for the lack of increal;e in reactivity with increase in 
severityo However, additional tests shoulcl be made before drawing conclusions. 
Co The Effect of Moisture Content on R~te and Degree of Acetylation 
Acetylating data in Table III give the results of conditioning the cotton 
under various per cent relative humiditieso In general it appears that the 
increase in the moisture content of the eot.ton which occurs at increased re-
lative humidity causes an incre~se in the rate and degree of acetylation. 
Cottons conditioned a.t the low relative humiditives {15, 35) show little 
difference in acetylation rateo This may be caused by little difference in 
moisture content or that the moisture content is below a level required to 
show appreciable effect of the subsequent acetylation reactionso 
Do The Effect of Time and Temperature of Presoaking on the Degree of 
Acetylation 
A study of the data presented in Ta'ble IV shows that the presoaking 
temperature has a marked effect on the de~~ee of acetylationo 
The duration of presoaking time also shows some effect on degree of 
aeetylation but much less than that of tempE~rature o. Thus it can be seen 
that as the temperature of presoaking wae: increased, particularly at the 
shorter presoaking periods, the degree of' ac:etylation rapidly increased 0 This 
was especially true in the case of mature cottons such as Acala 15170 
However, it should be noted that although increasing the temperature of 
presoaking in glacial acetic a~id increased the rate of acetylation, it did 
not affect the maximum degree of acetylation obtained under constant acety-
lating conditionso The time and temperature of presoaking does not eliminate 
=15= 
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the differences between varieties of cottotl but does activate the cottons. 
Eo The Effect of Acetylation Temperature on the Degree of Acetylation. 
Early experiments reported in Progress\ Report No. 3 showed that a 
variation in acetylating temperatures cause~d a wide variation in the per 
cent acetyl content of the aeetylated fiberso Therefore, a study was made 
to determine the effect of temperature on the degree of acetylation. These 
results are shown in Table V. 
From these data it is noted that an increase of 24° F (58° to 82° F) in 
acetylation temperature approximately doubled the acetyl content of these 
cottons. It is also evident that the fi"ber strength is less as the reaction 
temperature is increased. This loss of rstr,ength is probably not excessive at 
70° F but an increase to 76° F produces pronounced weakening and a further in-
crease to 82° F so weakened the fiber that :reliable strength measurements 
could not be madeo 
IV o STATISTICAL ANALYSIS OF ACETYLATION DATA 
A. Correlation Studies 
In order to fulfill the requirements oj~ part II and part III of the 
subject contract, a statistical analysis wa~; made of the acetylation data to 
find some means of predicting the rate and clegree of acetylation of raw 
cotton from its physical or chemical propertieso 
The first attack on the problem was to obtain a numerical characteriza-
tion which would represent the acetylation o,f raw cottons. By plotting the 
acelytation data several different ways it 'flil'as found that a plot of the log 
of the per cent acetyl per minute vso the lo.g of the acetylation time in 







PHYSICAL AND CHEMICAL PROPERTIES OF COTTONS USED IN ACETYLATION STUDIES 
Maturity 
Wax X-Ray Pressley Fiber Finess Aeralo~eter Alkali Per Cent Acetyl 
Cotton Area of Growth Content Moisture engle Index Aeralometer Micronaire Method Method 15 30 60 90 120 
~~ 4()%) (gm.Jin.) (gm.Jin.) (%) ~(min.) (min.) (min.) (min.) (min.) 
l. Indium J & J 7.2 35.0 7.4o 4.93 4.9 83 9.5 8.57 10.6 17.0 21.8 23.8 
2. Sea Island 7 . 0 36 . 4 8. 66 2 . 75 2 . 4 76 86 5 . 30 8. 02 15 . 5 21. 3 23 . 0 
3. Memphis 1.40 7.6 37 .9 7.15 2.5 58 LO.l 14.1 20.2 23.9 25.5 
4. Empire 
(Bale 92) 
0.77 7.1 34.1 7.30 3.81 3.7 75 72 5.28 8.48 15.4 18.5 22.6 
5. Stoneville 2B 
(Bale 61654) 




8. Acala 1517 
9. S X P (Bale 
.5109) 
10. Lockett 140 0.56 
ll. Pima 52 
12 . Hopi Acala 50 
13. Acala 4-42 Greenville, Tex. 0.61 
l4. Aca.la 56·() l<, .lorence, S. C. 0. 57 
15. Acala l5l7W Florence, S. C. 
· 16. Coker lOOW Weslaco, Tex. 0 .64 
17. Coker lOOW Florence, S. C. 0.56 
18. Rowden 4lB College Sta. Tex. 
19. Rowden 4lB Greenville, Tex. 
20. Rowden 4lB Florence, S. C. 
21. S X P (Bale 
3110) 




24. Sealand I 
25. Deltapine 












































































































































































































21.4 24.2 27.5 
18.6 20.8 24.8 
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15.4 


























































ACETYL VALUES FOR COTTONS SCOURED BY DIFFERENT METHODS 
Acetyl Values 
Unsecured Scour I Scour II Scour III Scour IV Scour V Scour VI 
30 60 90 30 60 90 30 60 90 30 6o 90 30 6o 90 30 6o 90 30 6o 90 
(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min} (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 
14.0 19.5 23.5 16.2 21.8 23.9 18.3 20.8 26.1 17.9 21.2 26.1 19.2 23.2 24.6 18.3 23.7 25.4 16.4 19.7 23.7 
8.00 13.5 18.8 14.2 19.4 22.7 16.3 20.9 24.2 16.4 20.6 25.3 17.0 22.9 23.7 16.7 22.7 24.5 15.1 20.0 21.5 
5.95 10.6 15.6 14.1 19.0 21.8 16.1 19.7 23.8 14.9 20.0 24.8 16.0 21.5 23.0 16 3 21.5 24.2 13.9 19.0 20.9 
9.37 15.1 19.2 14.4 20.0 22.2 16.2 20.4 23.6 16.3 20.2 25.0 16.8 22.5 23.8 17.6 22.5 24.8 14.9 19.6 22.1 
7.95 14.0 20.3 15.0 20.6 22.9 15.9 21.1 25.0 17·9 2l.5 25.0 17.0 22.7 24.6 18.0 23.3 26.0 15.8 20.6 22.4 
6.23 10.8 13.5 13.6 19.0 21.8 15.6 19.8 24.4 15.8 20.4 2).6 1).4 20.8 2).8 16.) 21.9 24.8 14.7 19.5 ~~-6 
I. Water at boil; 60 minutes. 
II. l.Q% DuPonol RA, 1.5% Na4P2o7; 30 minutes at the boil. 
III. 2.Q% NaOH, 1.0% Merpol C, 0.5% Duponol RA and 0.5% Na4P2o7; 60 minutes at the boil. 
IV. 3.0% NaOH, 0.1% Triton X-100 and O.J% Na4P2o7; 60 minutes at the boil. 
V. 5.0% NaOH and 2.0% Neutral Oleate Soap; 90 minutes at the boil. 
VI. 20% NaOH, 2.o% Igepon T and 4.0% N
3
P04; 120 minutes at 255° F. 
NOTE: Amounts of scouring ingredients are based on the weight of the cotton samples. 










ACETYL VALUES FOR COTTONS CONDITIONED AT VARIOUS RELATIVE HUMIDITIES 
Per Cent Acetyl at 
15% 35% 5df0 65% e5% 
Cotton 
Relative Humidity Relative Humidity Relative Humidity Relative Humidity Relative Humidity 
30 6o 90 30 6o 90 30 6o 90 30 6o 90 30 6o 90 
(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 
Memphis 12.3 18.4 . 20.7 12.2 17.6 20.9 12.6 19.4 24.3 14.0 19.5 23.5 14.3 21.2 24.8 
I Empire 5.70 10.6 15.9 5.39 9.67 15.3 6.31 11.7 17.5 8.00 13.5 18.8 8.26 14.7 18.6 f-J 
~ (Bale 92) I 
n,... .... C'")....~TT 7 Q...,. 7 ·59 12.2 3.57 /" f"l~ - ~ / 4.47 8.82 14.6 5-9:> 10.6 15.6 5.76 11.3 15.6 .J.Jvu uua.w ..J•Uf o.o~ .L:c.o 
Stoneville 2B 
(Bale 249290) 
6.59 11.7 16.8 6 . 54 10 . 91 17 .1 7.64 13.0 19.2 9.37 15.1 19.2 9.81 16.3 20.4 
Acala 1517 6.51 11.3 17.0 6.90 11.8 17.3 8.25 14.0 19.7 7-95 14.0 20.3 11.4 19.1 22.9 
Lockett 140 3.40 6.84 11.7 3.51 6.87 11.4 3.90 8.51 13.0 6.32 10.8 13.5 6.84 12.2 16.2 





















Per Cent Acetyl at f-' 
No 70° F Presoaking 100° F Presoaking 130° F Presoaking 170o F Presoaking ~ (I) 
Cotton Presoak 10 30 6o 120 240 10 30 60 120 240 10 30 60 120 240 10 30 6o 120 240 
(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 
Memphis 3.72 8.07 10.5 13.1 14.1 14.3 16.9 15.5 17.2 18.1 18.5 17.3 17.1 17-5 19.2 18.6 16.5 11.0 16.6 16.8 16.6 
I Empire 1.53 2.75 3.89 5.07 6.26 7.28 7.83 8.91 9.86 11.8 13.0 8.43 10.3 12.3 13.4 13.6 11.4 12.0 12.4 11.6 12.5 [\) 
0 (Bale 92) 
I 
Bob Shaw 0.87 1.46 2.36 3.07 4.38 4.42 4.62 4.59 6.44 8.45 g.26 6.08 8.)0 9.87 12.1 12.) 8.90 9-53 9.98 9-95 10.8 









Lockett 140 1.02 1.37 1.84 2.59 2.62 4.04 4.33 4.74 5.45 6.21 7.42 9.91 11.1 10.8 8.86 9.27 9.81 9.75 11.4 f-' 
CJl 
(J) 
NOTE: All cotton were acetylated for 45 minutes at 64° F. 
TABLE V 
THE EFFECT OF ACETYLATING TEMPERATURE ON ACETYL VALUES AND Fil3ER STRENGTH 
588 F t;4ll 
AcetllatiQn Tem~erature 
1bC5 82! "Sf F 70! F F 
Pressley Pressley Pressley Pressley Pressley 
,Cotton 
ActP'l 
Index A(j)yl Index A(i}yl Index A(j)Y~ .. Index A(i)yl Index 
6.02 16.5 6.89 6.09 * Memphis l2.7 19.2 20.7 5.52 23.7 
~ ..... 
Empire 9.13 6.62 11.4 6.91 13.5 6.49 17.1 6.16 20.4 I:S s» 
(Bale 92) 1--'. 
~ 
Bob Shaw 7.48 7.70 8.90 6.68 10.7 6.84 15.3 6.33 19.3 ~ 
'1 
c+ 
I Stoneville 2B 10.7 7.1~ 1298 6.64 15.4 6,.8o 18.3 6.17 21.5 l;r !'\) (Bale 249290) t-..J 
i v c..,. I 
Acala 1517 10.8 8.01 14.0 8.29 16.8 6.93 20.0 6o83 23.1 CD (') 
ct 
Lockett 140 1.96 6.53 8~86 7.29 11.0 6.27 14.7 6.01 19.9 2C 0 
* 1\) .Fibers too weak to give reliable strength figures. 0 ():) 
I 
, Note~ All samples were acetylated for 45 minutes. 1--' \.n 
0\ I 
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for each cotton may be represented by the following equation~ 
A log T = log C + N log T 
where: A = acetyl content in per cent 
T = Time of acetyla.tion in minutes 
C = constant, and 
N =constant, or nacetylation index". 
From the above equation each cotton c;an be characterized by the value 
C or N. 
The Q_ value represents the acetyl value of the cotton when acetylation 
time is one minute. A The ! is the slope of the curve, log T = log C + N log T. 
After several trial correlations of C a.Ild U with various physical properties, 
it was found that the N value best eharactE~rized the _cottons. Therefore, the 
N value which is called "acetylation ind.exJ u for each cotton was calculated 
by the method3 of least squares and tabulated in Table I. 
Simple correlations were made to determine if maturity, fineness, x-ray 
angle or other physical properties are rela.ted to the acetyl content of cotton 
represented by the acetylation index. In order to simplify the calculation, 
the six cottons used for scouring studies were selected as representative of 
the cottons available. Later the nine cottons for which wax determination were 
available were substituted so the relation 'between per cent wax and acetylation 
3~k~n~ ;erbert~and Colton, Raymond R., ~Outline of Statistical Method$, 
Fourth Edition, Barnes and Noble, New York~ 1939. 
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could be ealculatedo It was also thought that if good correlations were ob-
taineQ. with a small number of cottons, :probably much better correlations would 
result when the number of cottons correlated was increased. 
Preliminary calculations on the si:x:-cotton group gave significant results. 
With the excellent simple correlation on the six-cotton samples as a basis, 
multiple correlations using maturity by sod.ium hydroxide and arealometer 
methods, fiber fineness by micronaire and ~~realometer methods and per cent 
wax by the alcohol-chloroform extraction m~!thod were calculated for a nine-
cotton sample" These results which are presented in Table VI show several 
significant correlations" The most signif:lcant correlation is acetylation 
index N vso per cent wax and fiber finenesB by the micronaireo 
In general, it was noted that the per cent maturity by the arealometer 
method and the fiber fineness by the micronaire method gave the higher 
correlations as represented by the correlation coefficients. Since there 
were no wax vaJ.ues 'for additional cottons, the high correlation with per ·cent 
wax and micronaire fineness could not be VE~rified with a larger number o'f 
cottons 0 However, maturity and fineness va.lues were available for 14 ad.di-
tional cottons and multiple correlations were calculated for these 14 in 
addition to the original nineo The results of these correlations for the 
twenty-three cottons are shown in Table 'VI" These results show no significant 
correlations existing -between the acetylation index and maturity plus fiber 
.fineness" 
A plot of acetylation index vs" maturity as well as acetylation index 
vs" fiber fineness reveals the reason fiber fineness and maturity were a 
good indication of the acetylation for the 1six and the nine cottons but no 
-23-
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indication for the twenty-three cottonso The ! vso maturity and N VSo fiber 
fineness plot for the nine cottons foll.owe1 a fairly straight line but the 
additional points from the fourteen other cottons give a scatter diagram with 
no obvious trend" From this evidence it nrust be concluded that the significant 
simple correlations obtained with the six-·cotton group and the significant 
multiple correlations obtained with the ni.ne-cotton group are caused by a 
chance bias in selecting these cottons, ioeo, these six and nine cottons 
are not representative of the twenty-three cottons used in the final analysis. 
It would not be proper, however, to exclud.e the possibility of significant 
correlation with the per cent wax with add.itional data, but in view of corre-
lation results with maturity and fineness there is doubt that such correlation 
existso It should be noted that Memphis cotton, which appears in all the 
studies because of its very low maturity, is a poor choice because there are 
no other cottons with similar properties and because it is not a variety of 
cotton. However, the Memphis cotton may i :ndicate that in general an increase 
in the acetylation index may correspond with a low maturityo It should be 
reiterated that this is not a :result ~hat ~can be statistically verified with 
the present data but an observation whic~h 1ioTOuld require additional low 
maturity cottons (between 40 per cent and '75 per cent) for statistical 
analyses. 
To summarize, the statistical studies show that the degree and rate of 
acetylation for different raw cottons cannot be predicted or determined with 
accuracy by their known physical and chemi•::al properties 0 
B. Analysis of Variance 
In order to determine the effect of the variables in the scouring ex-
periments an analysis of variance was made using the data in Table II, 
Scours . II through V 0 The results of thi. s nnalys is are shown in Table VII A 0 
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These results show that the largest effect is caused by time of acetylation. 
It also shows that while the effect of cotton variety is considerably less 
than the effect of acetylation time it is highly significant. The effects 
due to the interaction of the method of scouring with acetylation time and 
the variety of cotton with acetylation time also contribute to differences 
in acetyl content 0 The conclusion from examination of the raw data is that 
there is no significant difference in the acetyl values of the cottons acety-
lated after being scoured by any of the four scouring methods. This is con-
firmed by the statistical resultso An examination of the results of the two-
factor analysis (Table VIIB) shows the effect of acetylation time. At thirty 
minutes acetylation time there are no signij~icant differences due to scouring 
methods while at sixty and ninety minutes the scours contribute significantly 
to the interaction of scour with time. The differences due to the varieties 
of cotton are highly significant for every level of acetylation time. 
The residual mean square ca.n be regard,ed as an estimate of the error in 
experimental process. The variation in the acetyl content for the scouring 
experiments is estimated from the mean square to be 0.45 per cent acetyl. 
This means that the acetyl value reported plus or minus two times Oo45 per 
cent acetyl or 0.90 per cent acetyl will include the true acetyl percentage 
approximately 95 per cent of the timeo 
A further comparison of the acetyl v.alues from acetylation of scoured 
cottons with acetyl values from unsecured cottons shows that the acetyl 
contents are significantly greatero 
The analysis of variance for the rela.ti'lre humidity conditioning studies 
shows that all the _second-order lntere.ctionsJ, 1 .e., per cent relative humidity 
-25-
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condition with cotton variety, cotton varjLety with acetylation time and acety-
lation time with per cent relative humidity condition_~) are highly significant. 
Therefore, in order to show the signifi.ca.nce of the main effects of per cent 
relative humidity condition, cotton variety and acetylation time,three two-
factor analyses were· made (Table VIIIB)o These results indicate that all the 
main effects are also highly significa.nto The acetylation time and cotton 
variety probably have more effect on acetyl content than the per cent relative 
humidity at which the cotton was conditioned. The estimate of error for the 
conditioning experiments is Oo44 per cent acetylo 
To sum up, the statistical analyses of cottons conditioned at various 
relative humidities prior to acetylation indicate that significant differences 
in acetyl content are caused by the moisture content of the cottons, the time 
of acetylation and variety of cotton as well as all the secondary effects which 
are the interactions between the main e:f'fe·cts 0 
The analysis of variance :ror the prest::>ak.ing experiments verify the con-
clusion reached by qualitative examination of the original data, ioe., the 
statistical results :presented in Tables IXA and IXB show that the two main 
effects of presoaking time and cotton variety are highly significanto The 
effects of two second-order interactions cotton variety with presoaking tempera-
ture and presoaking temperature with·preso~~ing time are also highly significant. 
The twa.-factor analysis of presoaking tj_me and cotton variety for each pre-
soaking temperature shows that while highl~r significant,the presoaking time 
has a decreasing effect with increase in presoaking temperatureo The estimated 























N vs per cent wax + per cent 
Maturity (NaOH) 
N vs per cent wax + per cent 
Maturity (Aeralometer) 
N vs per cent + Fineness 
(Keralometer) 
N vs per cent wax + Fineness 
(Micronaire) 
N vs per cent Maturity (Area-
lometer) + Fineness (Arealom-
eter) 
N vs per cent Maturity (Area-
lometer) + Fineness (Micro-
naire) 
N vs per cent Maturity (NaOH) 
+ Fineness (Micronaire) 
N vs per cent Maturity (NaOH) 
+ Fineness (Arealometer) 
Per cent Maturity (Arealometer) 
+Fineness (Arealometer) 
Per cent Maturity (Arealometer) 
+ Fineness (Micronaire) 
log ~ 























Acetylation Index , where A = per cent acetyl at T = Time. 
** log T 
In general a correlation coefficient of 1.0 indicates perfect correlation. 
Comment 
Correlation significant (between 
5 and l per cent level) 
Correlation significant (between 
5 and l per cent level) 
Correlation significant (between 5 
and l per cent level) 
Correlation highly significant (at 
0.5 per cent level) 
Correlation not significant (above 
20 per cent level) 
Correlation significant (between 
5 and l per cent level) 
Correlation not significant 
(between 20 and 5 per cent level) 
Correlation not significant (at 
20 per cent level) 
Correlation not significant (above 
20 per cent level) 
Correlation not significant (much 
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TABL.E YIIA 
* ** ANALYSIS OF VARIANCE FOR SCOURED COTTONS 
Source of Variance 
Method of Sc9ur 
Cotton Variety 
Time of Acetylation 
Interaction between~ 
{1) Method of Scour 
and Time of 
Acetylation 
{2) Cotton variety 































Since interactions of 
method of scour with time 
of acetylation and cotton 
variety with time af 
acetylation are .signifi-
cant, the main effect of 
time of acetylation is 
shown by the two-factor 
analysis of method of 
scour with variety of 
cotton for each acety-
lation timeo 
The estimate of error 
for the scouring ex-
periments is ± Oo45 
per cent acety~o 
For complete ·explanation of ~alys1s of Variance see~ Brownlee, K. A., 
Industrial Experimentation, Fourth Edi·tion, Her Majesty's Stationery Office, 
London, 19~ .· · · · 
tNot significant (at 5 per cent level or above)o 
ttSignificant {between 5 per cent and 1 per , cent level)o 
tttHighly significant (above 1 per cent level)o 
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TABLE VIIB 
* ANALYSIS OF VARIANC:~ FOR SCOURED COTI'ONS 
Mean S9.ua.res 
Degrees of Acetylation Acetylation Acetylation 
Source of Variance Freedom Time at T1 Time at T2 Time at T3 
** 6 *** *** Method of Scour 3 77 97 213 
383*** *** s*** Variety of Cotton 5 179 13 
Residual 15 31 12 16 
TOTAL 23 
* Two-factor analysisg 
** Not significant (at 5 per cent level or above)o 
*** '' Highly significant (above 1 per cent l~~vel) • 
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TABLE VI:CIA 
* ANALYSIS OF VARIANCE FOR CONDITIONED COTI'ONS 
Source of Variance 




Time of Acetylation 
Interactiori ·be-




Cotton and Time 
of Acetyla t:t.on 
Time of Acetyla-





Degrees of Sum oi~ 























actions are higply 
significant:s. the 
significance of 
the main eff~cts 
can be sh~wn by 
two-facto'r analy-
ses. 
The estimate of 
error = ± 0.44 




·.n\.O.WS V .LLJJj 
* ANALYSIS OF VARIANCE FOR CONDITIONED COTTONS 
Mean Sg,uares 
Degrees of Cotton Cotton Cotton Cotton Cotton Cotton 
S0urce of Vari~nce Freedom_ l ~ 3 4 2 6 
t l,217,18o ** ** ** 1,391,429 ** 1,570,476 ' ** 874,949 Acetylation Time 2 1,375,034 1, 105,992 
4 54,275 ** 79,910 ** 68,)~35 t ** 181,022 ** 113,652 ** Relative Humidity 93,298 
Condition 
Residual 8 5,398 2,430 2,813 3,934 4,858 3,713 
Source of Variance 
Acetylation Time 
Cotton Variety 




























I . .....or 
£+,';JO') 
Acetylation 




** .Highly significant (above 1 pe~ cent level). 
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Acetylation 
















Final Report, ~>ject No o 208-156 
TABI.E IXA 
* ANALYSIS OF VARIANCE: F()R PRESOAKED COTroNS 
Degrees of 
Source of Variance Freedom 
Presoaking 3 
Temperature 
Presoaking Time 4 
Cottori Variety 5 
Interaction 
between~ 
Cotton Variety 15 
X Presoaking 
'Temperature 










9, 815' 71j' 3' 305' 143 
2,161,16~- ** 543,6o7 
9,843,611' **' 1,989,686 
630,690 ** 42,046 
686,214- 57,185 ** 
481, 67B 6,021 
.. Eema.r..ks 
Significance of the 
presoaking tempera-
ture effect is shown 
by the two-factor 
analysis of cotton 
variety and presoak-
ing time for each 
presoaking· ·tempera-
ture 
Estimate of error = 
± 0. 78 per cent 
acetyl 
** Highly significant {above 1 per cent level} o 
-=-
TABLE IXB 
* ANALYSIS OF VARIANCE FOR PRESOAKED COTTONS 






























' ' ** 
485,222 
5,819 
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V. GENERAL CONCLUSIONS 
The over-all conclusions which may bt~ drawn from the data are sunnnarized 
below. Attention is called to many graph:ical illustrations of data which are 
not included in this report but have been presented in quarterly progress re-
ports. 
This project has resulted in the development of equipment and techniques 
such that data obtained are sufficiently :reproducible to permit statistical 
analyses d 
1. Correlation stuclies of the ciata obtained in these studies show 
that the degree and rate of acetylation cannot be predicted with accuracy 
from the physical and chemical properties of the raw cottons used. 
2. Scouring cotton prior to ac•~tylation tends to minimize the 
differences in the acetylation reactivity of the different cottons. 
3. Scouring increaBes the rate and degree of acetylation. 
4. The variety of cotton, time of acetylation, the action of 
variety with acetylation time and the act:Lon of method of scouring with 
time of acetylation, all significantly influence the acetylation reaction. 
5. High relative humidity cond:Ltioning prior to acetylation 
slightly increased the rate and degree of acetylation of the cottons studied. 
6. A high presoaking temperature of glacial acetic acid increased 
the rate in which maximum acetylation :i.s reached under constant acetylation 
conditions. 
1. An increase in acetylation temperature increases the degree of 
acetylation which is also accompanied by ~m increase in degradation of the 
acetylated fiber. 
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8. Correlation data show that l9.ll factors, such as cotton variety, 
time of acetylation, relative humidity condition, relative humidity with 
acetylation time and relative humidity coJadition with cotton variety, influence 
the acetylation reaction. The relative humidity affects the acetyl values 
much less than either cotton variety or a1::etylation temperature 0 
\ 
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Although statistical analyses of the! data obtained showed several sig-
nifieant correlations, the data were inst~ficient to permit the development 
of accurate formulas showing the interrelationship as desired in the scope 
of the contract proposalo It is, therefore, recommended that~ 
lo Additional studies be made on a single cotton variety having 
wide variations in maturity values. This would yield data which would permit 
correlations of physical and chemical properties with maturityo 
2. The program be extended to include several varieties of cottons 
having widely different physical properties. 
3o Make statistical analyses of all data from the previously 
mentioned studies to derive a basis for prediction of the acetylation re-
activity of cotton. 
Approved~ 
Herschel H. Cudd, Director 
Engineering Experiment Station 
~espectfully submitted~ 
6-,l.mes Lo Taylor (J 
Project Director 
Alton Ro Colcord, Jr. 
Ref~earch Assistant 
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